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GENERAL INTRODUCTION TO THE SERIES. 

During the past few years tJie civilised world has begun to realise the 
advantages accruing to seicntilic research, with the result that an cver- 
inercasing amount of time and thought is l^cang devoted to various 
braiudies of science. 

No study has progr(‘ssed more rapidly than chemistry. This 
science may be divided roughly into several branches : namely, Organic, 
Physical, Inorganic, and Analytical Chemistry. It is impossible to 
write any single text-bodk^ whftdi shall contain within its two covers a 
thorough treatment of any one of these branches, owing to the vast 
amount of information that has been accumulated. The need is rather 
for a sci’ies of text-books dealing more or less comprehensively witb 
each branch^ of chemistry. This has already been attempted by 
enterprising firms, so far as physical and analytical chemistry are 
concerned ; and the present scries is designed to meet the needs of 
inorganic chemists. One great advantage of this procedure lies in 
the fact that our knowledge of the different sections of science does not 
progress at the same rate, (onsequently, as soon as any particular 
part advances out of proportion to others, tnc volume dealing with 
that section may be easily revised or rewrittcii as occasion requires. 

Some method of classifying the elements for treatment in this way 
is clearly essential, and we have adopted the Periodic Classification 
with slight alterations, devoting a whole volume to the consideration 
of the elements in each vertical eolumn, as will be evident from a glance 
at the scheme in the Frontispiece. 

Ill the first volume, in addition to a detailed account of the elements 
of Group O, the general principles of Inorganic Chemistry are discussed. 
Particular pains have been taken in the selection of n;aterial for this 
volume, and an attempt has been made to present to 'he reader a 
clear account of the principles upon which our knowlcdg- of modern 
Inorganic Chemistry is l^jisod. 

At the outset it ma^ be well to explain that it was noti intended 
to write a complete text-book of Physical Chemistry. Numergus 
excellent works have already been devoted to this suliject, and a 
volume oil such lines would scarcely serve as a suitable introduction 
to this series. Whilst Physical Chemistry deals with the general, 
principle applied to all branches of theoretical chemistry, our aim» 
has been to enf[ihasise their application to Inorganic Chemistry,* with 
which branch of the subject this series of text-books exclusivefy 
concerned. To this end practically all the illustrations to tlae laws 
and principles discussed in Volume I. deal with inorg^+^c substaAc€%. 

Again, there arc many subjects, such as the methods emjjaloyefl in 
the accurate determination of atomic weights, whi(;h ar<?nol gefieraily 
regarded as forming part of Physical Chemistry* Yet these ar^ 
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subjects of supreme; importance to the student of Inorganic Chemistry 
and ^re accordingly included in the Introduction. . 

^ Hydrogen aj^id the ammonium salts are dealt with in Volume II., 
along with the elements of Group I. The position of the rare cavth 
metals in*the Periodic Classilieatio’n has for many years been a source 
of difFicultyr They have all been included in V^olumc IV., along with 
the Elements of Group III., as this was found to be the most suitable 
place for them. 

Many alloys and compounds have an equal claim to be considered 
in two or more volumes of this series, but this would entail unnecessary 
duplication. For example, alloys of copper and tin might be dealt 
with in Volumes II. and V'. respectively. Similarly, certain double 
salts — such, for example, as ferrous ammonium sulphate —might very 
logically be included in Volume II. under ammonium, and in Volume IX. 
under iron. As a general rule this ililliculty has been overcome by 
treating eom|)lex substances, containing two or more metals or bases, 
in that volume dealing with the metal or base which belongs to the 
highest group of tlie Periodic Table. For example, the alloys ol’ co|)per 
and tin arc detailed in Volume V. along with tin, since copper occurs 
earlier, namel}^ in VV)lumc 11. Similarly, h'rrous ammonium sulphate 
is discussed in Volume IX. under irorj, and not undca* ammonium in 
Volume II. The ferro-eyanides arc likewise dealt with in Volume IX. 

But even with this arrangement it has not always been found easy 
to adopt a })erfectly logical line of lr(*atment. For example, in the 
chromates and permanganates the chromium and manganese function 
as part of the acid radicles and are analogous to sulphur and chlorim; 
in sulphates and perchlorates ; so that they should be treated in the 
volume dealing with the metal acting as base, namely, in the case 
of potassium permanganate, under potassium in V'olumc II. Hut the 
alkali })ermanganates possess such close analogies with one another 
that separate treatment of these salts hardly sccaus desirable. They 
arc therefore considered in Volume V^III. 

Numerous other little irregularities of a like nature occur, but it is 
hoped that, by means of carefully compiled indexes and frecpicnt cross- 
referencing to the texts of the separate volumes, the student will 
experience no dilheulty in linding the information he rctpiires. 

Particular care has been taken with the sections dealing with the 
atomic; weights of the elements in (juestion. The ligures given arc; not 
necessarily those to be found in the original memoirs, but have been 
recalculated, except where otherwise statcfl, using the following 
fundamental values : 


flydrogcu ~ 1 00702. Oxygen ^ 10000. 

Sodium 22*900. Sulphur -= 02*005. 

Potassium 00*100. Fluorine -- 19*015. 

Silver — 107*880. Chlorine -- 35*457. ^ 

Carbon 12*003. Bromine 70*010.*^ 

Nitr<^gen , = ^ lk008. Iodine - l‘Jio*920. 


By adapting this method it is easy to compare directly the results of 
earlier* investigators witli those of more recent date, and mcneover it 
renders*yie data for the different elements strictly comparable through- 
out the wht)le •series. 

Our aipi has dbt been to make the volumes absolutely exhaustive. 
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as this would wsnder them unnecessarily bulky and expensive ; rather 
has it been to contribute concise and suggesti^ e accounts of the various 
toj\ics, and to append numciYnis refcTences to the Icajling works ai^ul 
memoirs dealing with the same. Ev^ry effort lias been made to render 
these references accurate and reliable, and it is hoped that.lhey ^will 
prove a useful feature of the scries. The more important abbreviations, 
which arc substantially the same as those adopted by the Chemical 
Soeiety, arc detailed in the subjoii\ed lists, pp. xvii-xix. 

The addition of the Tiible of Dates of Isme of Journals (pp. xxi-xxviii) 
will, it is hoped, enhance the value of this series. It is belie^ ed that 
the list is perfectly correct, as all the figures have been checked against 
the volumes on the shelves of the library of the Chemical Society by 
Mr, F. W. Clifford and his staff. To these gentlemen the Editor and 
the Authors desire to express their deep indebtedness. 

In order that the scries shall attain the maximum utility, it is 
necessary to arrange for a certain amount of uniformity throughout, 
and this involves the supj)ression of the personality of the individual 
author to a corresponding extent tor the sake of the common welfare. 
It is at once my duty and my pleasure to express my sincere appre- 
ciation of the kind and ready manner in which the authors have 
accommodated themselves to this task, which, without their luarky 
co-operation, could never have been successful. Finally, I wish to 
acknowledge the unfailing courtesy of the puldishers, Messrs. Charles 
Griiliu k (’o., who hav<‘ done everything in their power to render the 
work straightforward and casv. 

J. NEWTON FHIENI). 

.hi tie 1923 




PREFACE. 

The properties of the elements included in Group V. of the Periodii 
Classification range from those of a typical non-metal, nitrogen, whicl 
is entirely devoid of metallic properties, to those of a typical metal, 
bismuth. In no other part of the Periodic Table is this gradation in 
properties more clearly seen than in the nitrogen sub-group, the members of 
whicli are included in Parts 1. and II. of this volume. The volume is com> 
pleted by Part III., which deals with vanadium, niobium or columbium, 
and tantalum; protoactinium being dealt with in Volume VII. Part IlL 
Some of these elements have found valuable applications in the steel and 
electrical industries, for which special purposes they would be dillicull 
to replace. They are of course more typically metallic than arserne and 
antimony, but retain the power in their higher oxides of giving salts 
with alkalies, a property which is thus common to the whole of the group, 
since it is slightly developed even in bismuth. 

Nitrogen and phosphorus in their compounds are essential to life ; 
the clcfuent phosphorus is poisonous, while arsenic in its lower valent 
compounds is one of the most powerful of all iiK rganic poisons. The 
poisonous character remains to some extent in antimony, but is lost 
in bismuth, some compounds of which are used in large quantities in* 
medicine. 

Considering now the subject of Part L, nitrogen is unique; it occurs 
free in enormous quantities in the atmosphere, but is atthe same 
time present only in relatively minute quantities in a state of com- 
bination. By causing nitrogen to combine, and thus accomplishing 
quickly what only happens with extreme slowness in nature, man 
has increased the possible population of the world to a limit which 
would have been considered quite unattainable by statistical prophets 
of the early nineteenth century. Sir William Crookes, in Jijs, famoUiS 
address to the British itessociation (in 1898), in which he foretold the 
coming world shortage of combined nitrogen, also adiimlf|'a ted ^ the 
remedy, the application of which is told in this vohime. In ttie 
principal countries of the world great factories have now* been estab- 
lished which have removed all danger of a shortage of food due t© an 
insufficient supply of nitrogenous fertilisers. In particular, the Iniperhilf 
Chemical Industries of Great Britain have a great field open in*suppi^< 
ing the needs of agriculture throughout the wide e:^tent©>f the Brit^ 
Empire* as well as in increasing the somewhat neglected production 
of food in these Islands by encouraging a suitable^ |drm of ihbei^iVo 
^Itivation, *• 

^ 'Nitrogen, under suitable conditions, is a most reactive l^iejorteiili*; 
Office it will combine, directly or by indirect meahii, with ne^ly |ll 

’■ Xl ■ ■■ ' ' ‘ 
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ctemcnts— with the mets^is as nitrides, with hydrogen as ammonia 
arid other compounds, and also with most of the non-metals. With 
oxygen it yielcjs a tange of oxides which differ from one anotlicr most 
conspicuously in their properties and in their modes of preparation. 
Nitrogen does not enter into combination with either nuorinc or bromine 
alrine. • c ‘ 

In order to make this volume complete in itself, it lias become neces- 
sary' to include a little subjcct-mgtter which is common to other volumes 
in the Series. Thus a section on the atomic weight of nitrogen has been 
incorporated from V'^ohime I. The sul phonic derivatives of hydroxyl- 
amine, amido-sul|)honic acids, etc., as well as the nitrides of sulphur, 
fall also into Volume V’lL, Part II. The nitrides, in aeeordanee with the 
general scheme, are fully described under the metal, etc., concerned, 
but it was thought desirable to give a general survey of them in this 
work. 

As is usual in this Series, undue detail in physical constants 
and in the mimitiie of chemical processes has becJi avaiidcd, but abun- 
dant references have been given, so that the book may be us(‘d as a 
starting-point for research, or for the compilation of information on 
jmrtieular topics. 

, Among the books, as apart from original memoirs, wdiich have been 
most largely consulted are : The Niiroffen Imlustrij, Pari ingt on and Parker 
(Constable, 1922); The Absorption of Nitrous dases^ Webl) (Arnold, 
1023); Ammonia and the Nitrides, Maxted ((’hurehill, 1921): as well 
as w'orks of reference, such as Thorpe’s Dictionarij of Applied Chemist rij, 
and vol. iii, part 3, of the llandhiieh der anorganisehen Chemie, Abegg 
and Auerbach (1907). Finally, oiir united thanks are clue to the (ieneral 
Editor, Dr. .1. Newton Friend, for his helpful criticism and suggestions, 
and for his great care in the reading of MS. and proofs. 

E. B. 11. PRIDEAUX. 
n. LAMBOUKNE. 

UnIVKRSITV CoLLKfJE, Nottinuha.vi, 

Jww 1923 
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TlBLE OF DATES OF ISSUE OF JOUKI^ALS. 

Foil the sake of easy roferenee, a list, is apiieiuled o'f tlic more 
important journals in elironolof^ieal order, the dates of issue of 

tlieir corresponding scries and volumes. In certain cases the volumes 
have appeared with considerable irregularity ; in others it has occa- 
sionally happened that volumes begun in one cale’ular year hiCve 
extended into the next year, even when this has not lieen tlio general 
habit of the scries. To eompliejite matters still further, the title-page.*? 
in some of these latter volumes bear the latt'r date -a most illogical 
procedure. In such eases the volume number ajipears in the accom- 
panying columns opjiositc both velars. In a short summary of this kind 
it is impossible to give full details in each ease, but the foregoing 
remarks will serve to explain .several apparent anomalies. 




.S 


. 1 





' 


Year. 

Ainvr. 

J , Si'.i. 

u 

Anji. 

.Mill. 

Arch. 

"hann 

*0, ' 

k : 

' 

u 

Fliil. ■ 
Ma^. 

ri.il. 1 

Ti'aiis. j 

o'- 9* 

1? ^ 

P- G 




. 







1 

•n* 

( 

l-SOO 


(1)32 35 




16 


5 8 

90 i 


1 


36 ;:9 




7 9 ' 


8-VJ 

91 t 


‘j 


10 13 




10 12 


JIM 

92 i 


3 


M -47 




13 15 


14 -r 

93 1 


-1 


■I.S-*,] 


’.y 


16-18 


17-20 

94 


] S05 


52 55 




19 2i ! 

... 

20 23 

95 ! 


6 


5f> HO 


... 


22 24 - 


23-26 

9*i : 


7 


61-61 

... 



25-27 


26 29 

97 


S 


65 -H.S 

... 



28- 30! 


29-32 

98 


y 


69-72 

... 



31 33.(1} 1* 

33, 34 

99 ' 


j 1810 


73 76 

... 


... 

31-36 

2 

35, 30 

100 


! H 


77 80 

. 



37-39 

3 

37, 38 

101 




81 -.81 

... 



40 42 

4 

39, 40 

102 


13 


.sr, .88 


... 

• • 

13 45 

5 

41,42 

103 


14 


89-92 


... 


46 48 

ti 

: 43, 44 

104 1 


181.5 


93-96 

j 1 

... 


49 51 (2) 1 

! 45, 46 

i 

105 


If) 


(2) 1-3 

1 

1 



52-54 

2 

i 47, 48 j 

106 


17 


4 6 

i 1, 2 

... 1 


55-57 

3 

j 19, 50 ! 

107 


18 


7 9 

: * 3 



58 60 

4 

i 61, 52 ; 

106 


19 

(in 

10-12 

j 4 



61-63 

5 

I 53, 54 j 

•109 

• 

- 

1820 

2 

13-15 



1 3 

61 -66 

6 

55,* 5f 

no ; 

* 

21 

3 

1 16-18 

6 


4-6 

67-69 

7 

! 57, 58 i 

i in 

... j 

22 

4, 6 

19-21 

7 

1, 2 

7-9 

7(4 72 

8 

, 69, 60 

! H2 , 


23 

. (i 

2'2--24 

8 

:{-6 

10 12 

73-75 

9 

^ 61, 62 

i 113 

. ... '1 

24 

7,8 

25-27 

1 9 

7 10 

13 15 

76 

10 

i 63, 64 

i 114* 


1825 

9 

28-30 

* If), 11 

jlMl 

16 18'^ 

n. 

' 65.%tl6 

i 115 ‘ 

3r5'- 

28 

10, 11 

31 33 

: 12, 13 

15-19 

19 22 

2 

12 

( 67, 68 

116 

• 6-8 

27 

12 

34-36 (2)1. 2 

20 23 

28 26 

O eS 

13 

iC>Jl, 2 

lit 

9-11 

■ 28 

13, 14 

37-39 

3, 4 

24-26 

27-30 


14 

!% ^ 

118* 


29 

16, 16 

40-42 : 5, 6 

27-30 

31-34 

sj -< 

15 

i &, 6 


15t17 


i ■ 







— 

1 — 

L — 



* First sorifts known as Bulletin de Bharmaric, 


xxi 



NITBOGEN. 


I*? s 

'in {> 


<D 00 O lO Oi CO 0 


§ i-s 

c^cxieo 


CO -H O ?0 l--» 00 Oi O •-» 01 


. c 

gola 
® a 
a 

•-J 5 ^ 


oco?ooeo 'rojojirtyxs 

Cl W OJ CO CO CO cc 'I** ' 5 * ’t' 
I I I I I I I f I I 
•»#<I'-OCO (0 
r 1 Cl Cl 01 CO 03 « ^ 


3 kvO O 

I I I 

3 OI O C 
H kO kO I' 


CO CO CO 03 CO 


CD 01 Cl iO OO 
CD CD *-«. !>- !>. 
I I I I I 
■*r i>. o CO CO 
CD CO 1 - t- 


rH 1 - O CO 
00 OO rxj D1 a.' 
I I I ( > 

03 Cl kO 00 •-< 
00 00 00 03 


Cl 'iC 00 
CO Di O O O 

*? 7 7 7 7 

'<i< I'- O CO CD 
03 Oi o o o 




d ci 
o.S 


CO rH ^CO kC: 03 r- .- 

woi^ci'^ cD^coo: 


kO CO I ■«. OO 03 


C Cl rf< CD O 


^ rH CO OO 
^CO” iD* I'T oT -h" Co" kO I'T 


C 


. § 3 

’Is 


Cl k.O -X> 
CD 03 rH r-. r-t 

' I I I I 

H* r- M *c 


< 00331*0 00 rH-Hkl-OCO 
03 CO •»»< >r H* iD k.o iD CO CO 
I ! I I I I I I I I 
Hi l-^ o CO CD O. Cl kO CO r-i 

CO CO H* 'T H* r»i kO »0 kO 'D 


kO 


tn , 

S ►» 

0 2 


00 Cl !•' O Hi 00 Cl CO O Hi 

CO Hi Hi ID i.-. ID 'D CO I'. 

I I I I I ! I I I I 
ID 03 CO CD i-i ID O.- CO I ', i-i 

CO CO H* Hi kO kO u~. CD CD 


a-tJ 

£ ^ 

_ 6 ^ 

PI 

ii 

£ 


fi g 

c.S 


00 01 CO O H' 
I', rj oco <33 

I i I I . 
ID 03 CO I - >-i 

1 - I •• QO 00 333 


. 03 


03 rH C-3 ID 


Cl CO O Hi 
ajOwr-lr-i 
■03 -I r-i r-. rH 


'/) 31 'O O Hi 


d S £ 

■4 


( 3 . 

Hj* 




_ ■• CO kO I 03 I-H CO »D I - C» r-i 3? ID Is. 03 

CO kO I - 03 ri ,-. r-i r-H 31 Cl (M Ol Cl CO CO CO CO 30 H* H* Hi Hi Hi 

Cl hT CD** OO’ o” Cl Hi" 'O OO O Cl Hi CO «r cT C f H*" 'O^ OO o" Cl Hi" CcT OO 

^ r-, r-t r-H Cl 31 31 Cl Cl CO CO CO CO CO -Hi Hi Hi rji ■V 


H< C3 33 rs. O 
CO CO Hi Hi ID 
f I I I I 
•H ID O hJi 00 
•O CO H* Hi Hi 


CD . 

Is. #.^C 0 "kD 


1-^ 03 '--•CO iD I-- 03 f-H 


»-fH 

Co" uD 


..Hi CO 
^'Co" ID 


53 

OQ 


O CO CO 03 Cl 

CO CO to CO !'» 


. . Tf CO i-i r-i 31 Cl Cl CO 

••III ! I I I I 
* • rH iD 03 CO I- r-i ID 03 

.• f r-i ^rH Cl Cl Cl 

^ O Cl Hi 03 rH CO ID IH- 

<NClCklc^# cicoeocoM 

I - oT r-i" co" kA -*CD o Cl" Hji" Co" 
4-i rH Cl Cl Cl Cl CO CO CO CO 


ID «? d 

Is. I to D* rH 
1 I I I 
CO '^H* Is. -o 
!>• CO rH 


iDOJr-H-lil'- OCOCO^CI kDCOi-HH'l'- 

rH rH 31 Cl Cl c; CO :o CO H* Hi Hi kD ID »D 

IIIII fllll lllll 

eocoo3CikD a:)rHHiiH.o eoco<?3Ci»D 

r-irHrHClCl CICOCOCOHI HCHkHilDiD 


CD O H« CD Cl 

ID CO CO CO Is. 

I I I 1 I 

CO I--. i-H kD 03 
ID kD CO CO CO 


CO O H« 00 Cl 
Is. CO 00 03 

cilirll&lci 

Is. Is. oo CO 00 


p Hi 00 d 
CO Vj O O rH 
03 rH rH rH rH 

lllll 

M Is. rH »D 03 
03 03 O O O 


CD O Cl H« CD 


O • 

ID 

C/.' '-sCo" » d" Is-’ Or" r-H CO*” Ift" IsC 

Hi 31 rH rH rH rH 


CO ID l>. 03 I-Tco ID !>. 
rH rH rH rH CM Cl Cl Cl 


, O rH^l eo ,H1 
•CO CO 00 CO CO 


kD CO Is. go 03 


73 



TABLE OE, DATBB OF IfSSUB OF JOURNALS. 


«> *23 


■ 6^ ! 


ei ^ 

i's. 

_6h 


: r-t (M CO t£3 t'-CC Oi O r~t Cl.CO 

• ^ r-( rH r~( 


CO 




^ . 

yj c 


J3 ' 

CQ 


tg 

<1^ 


r~i CO kO »>• O '• 


« lO Oi CO I - 




O O 
71 


I - C. ^ CO »o 

0 O r- »-• r-. 

01 <C» <M M 0« 


'C cr.) O W 

0 C- ^ — 

01 01 T1 01 01 01 01 


<M Cl O r-i OJ 
^ .01 Cl C» 

to 'yj 01 01 01 


CO lO to I- 
Cl C 1 01 CJ Cl 
01 01 01 Cl Cl 


crj O 

C oi I r-l Cl 01 
G G 




„ ' ^ ^ 

I-'-' OS .-T co' o’ I os' r-T co" 


t - O r- CO UO 


O CO to OS 
to to to to CO 
I I I I I 


W OS r-1 CO uo 


to Or 

rf I-. O ci to 


- Os r-n CO m !•- OS f-< CO >0 


Cl Cl Cl CO CO 


C l lO CO 
to C» |~< r- rH 
I I I 1 I 
rj* t>. o eo to 




to O C/J Cl to O CO Cl 

T-tClCltNOO OOxttrft'triO 

777*77 77777 


*>0 O lO r-( to 

O ft r-« c: Cl 
C l Cl Cl C . Cl 
I I I I J 
O to ft to C' 

O O ft ft Cl 
d Cl Cl Cl Cl 


fi to Cl cs « 

?: CO 'll *j< ITS 

Cl Cl Cl Cl t'l 
I I I • I 
t>. Cl eo o 

Cl ec C'O rfi lO 
Cl Cl Cl Cl Cl 




ia' 

a V 


I 


os f CO Ifs 
Cl eo eo CO CO 


Cl OO -tB kO«A 
fT Cl co"* -It us", 


o ft Cl CO •«*» »o a"’ 

CO cjO 00 CO (O 49 • 

00 90 


Joining Series 1 and 2 together. Also writ:>.‘ii as (3) 1, 




See footnote, p. 





xxTi NITBOGEN. 


T — 

. 

O £ ' 

Q 

»-< «0 k£5 l«» 0> 

r-t rH rH r-l 

■ ' »-f rH rH rH r^ 

O W '<#* ( J 00 

fH f-i fM rH r-t 
f-4 »— 1 »H 

“•r-j — 0 

rH 00 »0 t>.0» 
W Cl N N Cl 
rH rH rH rt rH 

O M -xf «d 00 
IN Cl <N W Cl 

rH rH rH r-l rH 

rH CO kD Is* 0> 
CO 60 CO CO CO 

o Cl -xi* id 00 
CO so CO CO eo 

rH rH rH I-H rH 

rH eo »D lx- OS 

Hf Hf XJ, ^ ^ 

rH rH rH rH r-l 

o cd xf id" 00 

Xf Hil XIJI ^ 

rH edkO lx. o» 
kO kO kO kO kO 
rH rH I-H rH r-H 

o" cf xf" tc 00 

0 kD kO kO tO 
rH I-H I-H rH tH 

iH to *A 1 ^ 0 »’ 

<0 «o 10 <0 «» 

rH rx rH rH rH 

0 ci CD 00 

0 ID CD CD to 

I-H rH I-H iH rH 

•^N 

to CO 

fH rH »H r-l 

CJ O rH Cl eo 
rH Cl Cl Cl Cl 

Hf ifS ID !'• 00 
(N Cl Cl Cl N 

OJ O rH Cl eo 
(N eo CO CO eo 

xf kfs ID t>. 00 
eo eo CO CO eo 

OJ 0 rH Cl CO 

CO Hf xf xf Xf 

S'^ -d 




: : xi< MO ID 

Ch 00 OJ 0 rH 

Cl 00 xf ID <0 
rH rH rH iH rH 

Ghcm. 

Trade 

J. 

r-t «*: o 
t>. Oi r-( rH r- 

«D OO" O (M 

I-’- Cl rH 00 »0 
rH rH Cl Cl Cl 

to' 00 o' Cl xf 
rH rH CIN Cl 

tH Cl rH CO kD 
Cl Cl CO CO CO 

icT c<r o cf 'f' 

Cl Cl CO CO CO 

tH. OJ rH eo kD 
eo CO xf xf 

ID 00 “ 0 " Cl rjT 

CO CO Xf xti •.<« 

IH OS rH CO ID 
xf xf lO (O 

lo 00 0 ci xf 

xf xf ICJ liS kCJ 

t-x. OJ rH eo kD 

ko kD CD (D to 

to*' 00 0 " Cl" xf 

kO kD to to to 

u 

(N 00 o 

«0 <0 <0 I!0 l>. 

r-T C*5' irt l>- (jT 

ro to 

(N -HI O QO O 
w 1-, w 00 

rH id O I'* cd 

I-- t-H t'« 

Cl rf CD 00 O 

oo 00 w 00 OJ 

r-T ecT icT 1 - oT 
00 00 00 CO UO 

0 

D1 -Hi ID CO 0 
OJ OJ OJ OJ rH 

I-H CO kO I'- OJ 
OJ OJ OJ OJ 01 

Cl xf ID 00 0 
0 0 0 0 rH 

rd CO kfj id OJ~ 

00000 

rH I-H rH rH rH 

SI xf to OJ 

r-H fH rH 4s. rH 

id Co" >d* rH 00 " 

rH rH rH rH 

=3 g| 

*®'g 

O Cl 

^ <D 00 r-< r-« 

m“u'> iCoTr^' 
1— 1 

■xf ID QO O Cl 
rH rH rH Cl Cl 

CO kio rn, OJ rH 
rH rH rH rH Cl 

ID 00 O Cl 
N Cl N CO CO 

C0~ id idoT rH 
Cl Cl Cl Cl CO 

•ji tD 

CO eo .vxf ID 

eo" kD r->edid' 

CO CO xei 

0 Cl xf ID 
00 I-H rH rH 1-H 

id C5J rH eo kD 

00 0 Cl xf ^o 
rH Cl Cl Cl Cl 

i>- 03 r-l eo ‘D 
rH rH CJ Cl Cl 

o 

CQ 

CO ♦J* ko <o *>■ 
Cl CJ IN Cl Cl 

00 c3» O rH Cl 
Cl Cl 0* 00 CO 

CO Hf kD ID tH. 

so CO CO eo eo 

CO OJ 0 rH Cl 
CO 00 xf xf xj. 

CO xf kD ID IH 

1^ xf rf ^ Ilf 

00 OJ 0 rH Cl 
xf Xf »D kO kD 

Arch. 

Pharm. 

00 c; o C l 

N C l CO CO CO 
(N d Cl Cl N 

00 Hf KO ID IH. 
05 CO 00 00 CO 
Cl Cl Cl Cl Cl 

00 OJ O rH Cl 
CO eo f *f Hf 
Cl <N Cl Cl Cl 

eo xf kD ID Ih 

xf rfi xf Xji Tf 

Cl Cl Cl Cl Cl 

00 OJ 0 rH Cl 

xf xf ID iO ‘O 

Cl Cl Cl Cl Cl 

eo -Ht kD 

kD kD uO ' » 

Cl Cl (N * ' 

• ui 

' p S 

c/j o 

rH Cl •>'1' <0 

tC err ^ «r id 

r~l »H ^ 

O Cl rf ID 

00 rH rH r-t rH 

l-v. oj rH M 

oo o 

rH Cl Hf ID 

id D» o ed o 

0 N Xf Xi 

00 rH rH rH rH 

id oj” fd ed* kD 

OOO^ 
r- Cl xf lO 

id oT .Id cd* ‘D 


a S 

r-1 ^ 1- O *? 
Cl Cl Cl CO J. 

1 1 1 1 

CJ Cl lO CO ^ 
r-t (N C 1 N ^ 

Cl wO CO 

•£> OS rH rr r-l 

1 1 1 1 f 

Hf ih o eo ID 

rH -r IhO *? 

Cl 71 Cl eo ' 

1 1 1 1 

0> Cl kD CO 
rH Cl Cl Cl 

Cl kft 00 
ID OJ rH I-H rH 

1 1 1 1 [ 
■xf l>- 0 CO ID 

rH xf I-. 0 

N N Cl CO , 

1 1 1 1 • 
C3J Cl kO 00 • 

rH d Cl Cl 

: : : : : 

d 

4) 

"a 

a 

O O tH !->. eo 
(O t» 1 't 00 

Cl Cl Cl Cl IN 
111)1 
«5 -H t'. N 00 
O <0 <0 I''. I'. 
Cl <N Cl Cl Cl 

OO CO CO 00 DJ 
CO OS DJ O O 
Cl Cl Cl CO CO 

Ol OJ xill 

00 00 a a o 

Cl Cl CICI oo 

eo o kD OS 

rH rH N Cl CO 

CO CO CO eo CO 

1 1 1 1 1 
O -f O ID O 
rH rH Cl Cl CO 

eo CO eo CO eo 

CO 0 l-x eo rH 
Xf kO ko ID 1h 
CO CO CO CO CO 

1 1 1 1 t 

<0 rf rH CO xf 
CO xf >D MO ID 
CO CO CO CO ?5 

lx. M5 xf rH 

I- CIO OJ 0 

CO CO eo xf 

1 1 1 1 • 
Cl 00 CO kD 

1-H t- iX) OJ 

CO CO CO eo 


'a 

■, 

1 ii) *P t» 00 O 

' r*H pH ^ ^ 

I ; 

O rH Cl CO Hf 
Cl Cl Cl Cl Cl 

ko ID Ih 00 c; 
Cl Cl Cl Cl Cl 

0 rH N CO Xf 

eo CO CO eo eo 

UO ?D iH. CO OJ 
CO CO CO CO eo 

0 rH (N eo xf 

xf xf xf ^ ^ 

ai S 

« ’<*-» ' 

O Cl 'HI «? 00 
-r -r Tjl 'If 

OS I-I 00 uo 1 

00 "ff "W *JI 

o 

kw rrf ID 00 

oT ^CO** icTih 
" f -f 

O Cl '!• 'O 00 
rH rH rH rH rH 

0> rH cd krt I h 

0 Cl -xf ID 00 
Cl Cl Cl Cl N 

<3J rH cd kfj Ix. 
rH Cl Cl Cl Cl 

0 Cl xf CO 00 
CO CO eo eo eo 

OJ rH S5 kO id 

71 CO' eo eo eo 

0 Cl Xf to 00 

xf xf xf -f ^ 

OJ rH eo kD lx. 

ro xf xf Xf Xf 

' • 

^O c 

C' ** 

Cl 00 Vf *Q «0 
»-<»-< rH r-( r-< 

1 c 

Cl 

ih t* oj o 

^ rn" 

Cl 

X!f ID lO O Cl 
Cl Cl Cl eo CO 

ed Ki I - o> rH 

Cl Cl Cl Cl CO 

xf ID QO 0 Cl 
CO eo CO -f xf 

CO" >D id C3 r-T 

CO CO eo eo xf 

•r , 

xf CD 00 0 S tj 

■XfxfxfMO^fl^j . . . . 

t 

• 

«| 

^ O rH Cl CO Hf 
C'w OJ OJ CJ 0J OJ 

OC 

ri 

c 

iOiDIhOOOJ 
OJ DJ Cl OJ OJ 

x> 

■ O rH Cl eo -f 

o o o o o 
o> 

MO ID lx- r/s OJ 

00000 

OJ 

0 IH Cl eo xf 

rH I-H iH rH rH 

OJ 

kD to txOO 0 

OJ 



TABLE OF DATES OF ISSUE OF JOyENALS. xxi ii 


Sj? 

O M lO 00# 

CO CO cc eo eo 

cT r-T <0 urT JN 
e< eo CO eo CO 

O M x#i to 00 

^ tit x^ xtft 

oT rH CO* lO 

CO xK X}( xf* 

kO ^ x^ to 00 

oT CT Co" kO tC 
tn S 

<i? Cl ^ to io 

nx rx rX rX rX 

OS fX M »0 lx 

p. — 

Od X* to 00 

Cl d d Cl d 

OS r-r eo' kO r- 
iH Cl Cl^l Cl 

. t 

O Cl XI to QO 
•0 CO CO W CO 

ai"rxco"irriC 
d eo CO CO eo 

p 

3 

ca 

CO ifS I-' 0» 

rlt i*t ^ ^ 

oT ^ (D 70 G 
-tH iC> 

CO lO tx. C: r-i 

>fS »0 *<0 kO to 

cf t^' to oo o’ 
ko ko uo m to 

00 VtO Ixx. OS rrf 

to to to to ©5 

d x© to CO o 
to to to to lx. 

CO uo Ix OS 
rx.xixix^ 

Cl ^ to 00 *9 

Ixfxlx lx 

O Cl '«» 
kooo'=^<=*°‘ 

Ci rX co" 
coos OS* 

sssss 

^sg'S^S 

.. X o 

;:* S 00 tx rH . 

OS OS OJ. 

• 

rH CO lO I-. Ci 

^ 

v* CO tcTlCoi 
kO kC5 1.0 kO kO 

rX CO 1.0 l x OS 

to to to to to 

rx' eo ko'w^'* 

lx Jx lx 

oo' O ci 
oo OS OS 

* ^ 

<3 

0.2 
^ t> 
to 

«D 00 O OI •*« 
CO CO 't -t* 

>o tC oT r-T CO*^ 

eo ;o CO rs «<t< 

to 00 O Cl -x* 
xr r»t O kf: o 

lO lx. Oi r-t CO 

xil xii xj< ifi uo 

l x 00 OS ^ 
^-kO kO k.O 

kCl to 

CO i<rs lx a ^ 

o to to to tx 

(d -r to CO o' 
to to to to I'm 

CO lO lx OS r-< 

Ix lx Ix lx r/j 

d xT tc> 00 

lx lx J Ix oo 

Cl to XI kA to 

OU CO 00 CO CO 

A 

3 

eS 

G 







rl OJ CO >fj 

r-< r-H r-l r-1 r-i 

no 1-^ GO Oi o 
r-H rH rH 1-1 c 1 

rX Cl JO >x. k.- 
Cl d Cl Cl d 

to Ix oo OS o 
CI Cl Cl Cl CO 

i-H Cl CO x* ko 

CO CO C3 CO CO 

to Ix CO os o 

CO eo CO eo xi 








§ 

^ a 

OJ O r-( Cl CO 

kO to I - <yj 

OS O 1-x Cl 00 
rX Cl d d Cl 

•^ji ko to lx CO 
d Cl Cl Cl Cl 

OS O rX d CO 
d CO CO CO CO 

Xi kO to lx 130 
eo eo 00 eo CO 


CO -+< ko eo 

CJ Cl Cl Cl CJ 

I - CO 0> O r-. 
d Cl Cl » CO 

Cl CO -X kCS *0 
oo CO CO CO CO 

lx oo OS Or- 
eo CO CO rr x* 

d CO 'F k.0 to 

XI Xi XI X* Xi 

1.. 00 ; : • 

XI x* • . - 

I 

•f j 

Cl CO o 
uo 

r4'co“u0i'''crj' 

rp •«»< xf 

Cl rj< to 00 O 
lO krt O kf) to 

CO lo i-xT ar 

1.0 kO >0 kO 

Cl X© to CO O 
tC to to to |x 

r-Tco" uts f xl oT 
to to to -o *0 

Cl -?f to CO o 

lx lx lx Ix 00 

I~r CO V.0 I r os" 

lx lx Ix lx »x 

d xt to CO o 
(30 00 00 00 Os 

r-reo’‘kfs"lx" Ct 

c/) oo <JU ■ O 

o 

Cl XI to 00 o 

OS Js as Os rX • 

rx"eo 'kn"tx oi 

OS O. O. OS o. 

J. 

Physical 

Chem. 



Tf kO to I x. 00 

OS o i-H Cl eo 

^ O to w » 

a o rx Cl CO 

rX Cl Cl <N d 

J. 

Pharni. 

Chim. 

Cl xf «o on O 

CJ Cl Cl CJ CO 

i-T CO la i>r ci 

Cl Cl Cl Cl Cl 

Cl O 

~ to '» rH 

.-X CO 1.0 cxToT 

Cl Xji to CO o 
r-f rX <— < f— ) Cl 

r-T Co' kfs' l x oT 

Cl to O. ’ o 
Cl Cl d d CO 

rx" yf >-0 1 S Ci 
Cl Cl Cl d d 

O 

„x« CD CO r-' 

^ eo" kO lx -J} 

Cl XI to 00 o 

rX rX rX r- d 

rXM"l.ilx^ 

c w-'S 
►-. c 2 
•Wo 

t-, u 




: : i 

Cl CO XI ko to 

lx 00 OS O IX 

IX «-l 

d 

-a g 

QO O Cl 'f «5 

lO rc, \c> to V 

00 O Cl to 
to l-x Jx. lx. 

CO O Cl rfi iO 
|x oo CO C/J aj 

:y.. o Cl xi o 
<jO OS CS Ci OS 

O Cl Xi to 

CO *r. o o o 

Os -1 .1 r -1 r- 

00 O C 1 Xi to 

O XI rx rx tX 

O c» 

I'. Oi (xs W ii"i 
lO to to to 

1 xT oi r-T eo ko 

to to 1 ^ lx lx. 

tx CA ,x' co” I.C 

lx 1.. CO CO 00 

ix“os'rx" eo I.o" 
00 CO OS OS 05 

iCoi ri CO loT 

Cs Os O O C 

I^TcTrX cc" I.;’ 

O O iX IX . -4 . 

X4 r" -X IX »x 

Ido 

1y'" 

Cl 00 ^ wO to 

lx. 00 OS Oti-i 
rx r-X r-1 Cl Cl 

Cl CO -K I.-O to 
Cl Cl Cl CJ d 

lx oo OS O »- 
Cl Cl d CO c>3 

d CO -It kfs to 

CO cc CO CO CO 

lx JO O O iX 

. 3 eo CO XI XI 

• 

• 

1 

s 

... o 

O rH Cl CO 
(N Cl CM <N Cl 

lo to l x r /1 cn 

d d Cl Cl Cl 

o X- d CO 

CO CO CO CO CO 

kfs to tx 00 o. 
CO CO CO CO CO 

O Cl CO XI 

x^ xi XI ■'ji XI 

kO to I'. QC Os 

XI XI X* X* XI 

• 

■^1 

.51 ! 

• 

00 Cl to O -xl* 

lx. 00 00 Oi c% 

Cl Cl Cl Cl CT 

1 1 1 1 1 
kCJ 0> eo »>. rH 

!>. 00 00 oi 

Cl d d Cl Cl 

00 Cl to O rjt 

OS O O rH rx 
(N CO CO eo ©3 

1 i 1 1 1 

krt OS CO rx rX 

OS CS O O rx 

Cl Cl CO CO CO 

kO to Ix GO CS 

CO CO CO CO CO 

O r- Cl CO •tfl 
Cl d Cl Cl Cl 
CO CO CO CO CO 

k.O CO lx cr 0 ^ 

Cl d Cl C^CI 

CO CO CO CO cO 

• 

• 






% 

■ ■; " 

1 

O rx C» CO Tft 

CO O) CA 01 Ol 

00 

k/i to rx. CO Os 

OS OS OS CS Os 

O rX Cl CO xtr 

o o o o o 

OS 

kO to lx 00 OS 

o o o o o 

OS 

O rX (?J CO xt 

OS ^ 

• 

so tO«lx QO^Is 

• 


See footnote,. 




R€mamder of vol. 65 appeared in 1920. 



A TEXT-BOOK OF 
I N ( ) R G A N 1 C C H E *\[ I S T R Y. 
VOLUME VI. PART I. 




A TEXT-l^OOK OF 

INOEGANIC CHEMISTEY 

VOL. VI. PART I. 
NITROOEN. 


CIIAPTKH 1. 

GENERAL CHARACTERISTICS OF THE ELEMENTS 
OF GROUP V. 

('oMl'Aia.SON WITH GROUPS \'I. AND l\ . 

Like (Jroiip VL, tliis ^rroup falls into two wcll-rnarkcO divisions, flic 
distinction lictwct n which is more clearly dciined than in the fourth ^froup. 

'riie two short-period clenie^'ts, nitrogen and 
piiosphor.is, are on the wlioh more closely allit;d 
to tlie Subgrou]) H elements, arsenic, antimony, 
and bismuth. Subgroup A contains vimadium, 
niobium or eolumbium, tantalum (eka-tantalum 
or prol actinium), all of which ar(‘ metals with, 
howe\’er, some nou-metallie characters in tlieir 
higlicr-valent ('omj)ounds. Indeed the rcsem- 
lilanec, in respect of the [ihysieal pro])crties of the 
elements and the general ehcmical characters of 
the compounds, is more close between Subvrou|)s 
y. A and VL A than between V. A and V. B. Sul)- 
group V. A contains nu'tais which only melt and 
Yolatifise at high temperatures. 'J'hey 
form dehiiite hydrides. Vanadium yields n great 
variety of salts and oxides, but in Ylie case of 
niobium and tantalum the types of valency dis- 
played are not specially numerous, as they are ill 
the eorres [lending members of VL A. The khver 
valent comjiounds of V. A metals are salts of weak 
bases. Most of the compounds confbrm to the 
ter- or quinque- valent type. The halides of the latter type ha ve a distinct 
halanhydride ^ character, and arc easily hydrolysed, yielding oxyhaliSes* 
110X3. jienta valent oxides when hydrated give weak acid, <^*016 

^ That is, they are similar in jiroiierties to the halides of the nou-ifleials, as .seen in a 
compound such as l^Ck, which inny k* taken as typical. 
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(Jrovip V', j 

A. 
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Nit.i(»ti;eii 
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(Jroup. 
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33 

41 
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Nb 
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Nl) 

73 


Ta 

83 


!3i 

91 


UX,.Pa 
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salts of wluch, with Idkalies, are of the orthof, metas or ;pj^Ortyj^ I, 
there is a close resemblance in this respect between ^van^iuin apA 
phosphox'ivj, ^ In the table, the symbols of the elements are preceded 
by their atomic numbers, tlijp atomic niimlx;r of the radioafetiyc^ 
dements ^eing dechiced from their radioactive succession. ' 

ATOMIC WEIGHTS AND PHYSICAL PROPERTIES OF 
GROUP V. B. 



Nitro- 

gen. 

Phosphorus. 

Ai*S(niie. 

Antimony. 

Bismuth. 

Atomic weight . 

14-008 

31-027 

74-9(5 

121-77 

209-0 

Colour (solid) 

White 

Yellow 

Dark grev 

White 

White 



\'iolet 

Yellow 

Metallic 

Metallic 



Bed 


Lustro 

Lustre 



Scarlet 




Density (solid) . 

1-02(15 

1-83 (yellow) 

5*73 (metallic) 

(5-()18 

9-781 



2-34 (violet) 




Atomic Vf)lumo 

VM\ 

10-9 (yellow) 

14-S 

' lH-2 

1 21-3 

(solid) 


13-3 (violet) 




Melting-point, '''' C. 

! -210-0 

1 44-2 

Below 800 

030 

209 

Boiling-point, °C. 

-195-7 

•i 287-3 

OKI 

1140 

1420 


The Nitkogex Suhdivjsion, with Subghou]* V. B. 

Atomic Weights.— -Phosphorus, arsenic, and antimony constitute 
a triad, ^ the atomic weight of arsenic (74-00) being nearly the mean of 
those of the other two, namely, 75*5. The existence of these triads is 
due to the fact that the atomic w(‘ights of successive elements are 
roughly in arithnietic^al progression, and that the analogous elements of 
the second short period and of tJie odd scries of the first and second 
long periods are separated by two complete symmetrical sections of long 
periods, namely, sulphur to germanium and chromium to tin. Since 
the atomic numbers are exactly in arithmetical progression, that of 
arsenic is tlie exact mean of those of phosphorus and antimony. Triads 
are found among the elements of (Groups I. to VII., both inclusive, in 
the second short period, and the second halves (odd series) of the first 
and second long periods. They arc also found between the first halves 
of the ^nrst, second, and third long jicriods from the zero to the second 
groups inclusive, i,e. until the sequence of the elements is interrupted 
by the “ rare earth ” metals. Therefore arsenic, antimony, and bismuth 
do not form a triad, since the sequence is thus interrupted between 
antimony and bismuth. 

/Mass Spectra and Isotopes.— The atomic weights 6t these ele- 
ments approximate very closely to whole numbers. It has been proved 
by mass spectra analysis that nitrogen, phosphorus, and arsenic are 
pur^ elements^ j.e, all the atoms have exactly the same mass. Antimony 
has*two isotdpcs of masses 121 and 123 respectively; the ordinary 
atonffc^eight (121*77) being nearly the mean of these. Bismuth agaip; 

•‘ For the hiatoiy of triads, see tlus series, Vol, VII., Part I. (1924), p. 4, 




. V* i 

^lernent, tfe mass spectrum in<5cating aS^mic weighi 
p| 5^9,', Nq. eleriients, of the nitrpgcn subdivisi^' are radioactive] 
ihdeed this property is absent throughout t rie whole group, except ijri 
’. the ca^e of uranium Xg and protactinium. . * 

Atomic Volumes. — The atomic volumes of the eJertients in their 
condensed forms (solid or liquid) show a gi*adual, increase wfth'risc 5 f 
^atomic weight. They lie at the top of the lower branch of the ascending 
parts of the atomic volume-atomic weight curve. 

Physical Properties. — As in the ease of the sixth group, the first 
member is a typical diatomic gas ; tlie relations between nitrogen and 
phos|)horiis arc very similar to those existing between oxygen and 
sulphur. 

The initial members of the first tlirce groups, namely, Fg, Og, Ng, 
show a progressive decrease in boiling-point, the temperatures being 
80^", 90^, and 77*^ abs. respectively. TJiis sequence is suddenly broken 
w'itli the highly polymerised elements carbon aiul boron, w^hich head 
Grou[)s IV. and III. respectively and are the least vT>latile of all tine 
elements. In tlie lowness of its boiling-point nitrogen is only surpassed 
by neon, b.})t. 27^, hydrogen, l>.pt. 20 °, and helium, b.pt. 4*8° abs. After • 
nitrogen, the boiling-points of the grouj> subdivision rise sharply 
through 1* to Sb and 15i, with a slight maximum at antimony. The . i 
inelting-points reaeli their maximum at either antimony or arsenic, that 
of bismuth being considerably lower. 

The crystalline forms of the elements are cleriv'^ed from the two most 
symmetrical systems, eul>ie and JiexagonaJ. 

Atomicity of the Gaseous Forms. — ^'rJie changes in the atomicities 
of the elements belonging to the nitrogen subdivision with rise of 
atomic weight are (jiiite analogous to those which are found in the 
oxygen sulidivision of Group VI. The gaseous ni 'lecule, diatomic in 
Uw. iirst member, becomes more complex, and then simpler again as 
wc descend the scries, until in the ease of the last member at liigh tern- 
jieraturcs a monatomic molecule eharaeteristic of tlie metals is formed. 
xU. temperatures slightly above tlie boiling-[)oint the meafi atomicity 
.of the vapours is J’ 4 , As 4 , Sbg, and betvvetm and xVt higher 

temperatures, as is usual in such eases, dissociation takes place. Thus 
the gaseous molecules are reinx seiited by Asg at 1788° C., Sbg at 1640° C., 

Ih at 2000 ° C. 

Allotropic Forms.- Allotropy is eharaeteristic of the non-mefeallic 
elements. The “active” form of nitrogen {(|•v,) probably consists of 
single atoms, or of such as^.ciated with a molecule, for e.vample ozone. 
The allotropy of the solitl non-i!ietals is of a different kind ; the varieties 
arc more numerous and their transformations more shiggisR. This 
kind roaches its maxiiuuiu in phosphorus (and sulphur, sec Vol. VII.,; 
Part li.). The numerous allotropic forms of these elements are supposed 
to be due to distinct kinds of molecules of different complexity. Tfie,. 
equilibria find transformaiions of these molecular species have been 
partly elucidated with tjic aid of the phase rule. The allcjtropic foi*ms 
of arsenic also show considerable differences in density and other* 
phyilical properties, and in chemical reactivity. Such differeuces#llave ? 
almost disappeared in the case of antimony, although ft. yellow form S 
toidwji. Bismuth shows slight diifcrenccs in density and cr^slalUtic 
fojrm, which aie found in the case of many metals. 
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Physical and Chemical Properties oi Compounds. 

^Y]>es of compounds arc summarised in the subjoined 


TYPES OF COMPOUNDS FORMED BY GROUP V. B.i 


Ty|K-. 


HI I, 

iU) I 
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K"(), 

H..0.1 1 
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lU'l, I 

lU'lj I 

HOCI I 
RO(’l, i 
HaRO', ! 
or R(Oli),, i 
IIRO., ■ i 
IIRO; 
H3R64 

iiA 

RaSa 

R..S 5 I 

m:r I 


Nitrogon. 


Nil, 

Vail, NoER, i\,. 

i\,o ■ 

NO 

N/)a 

\aO, 

XaOa 

NXIa 

XOC'l 


IIXO„ 

1 1x0; 

•N’4S4 

MSaX, 


TiEosphorus. 

Arson io. 

Antimony. 

Bismuth. 

P. 

As. 

SI). 
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RH 3 

AsEE^ 

Sbll, 

(EEIEI,) 

4 ,!l*,.,EI,„ E>.,EE 4 

AsJl., 


uuL 

1 (I’lO) 







BiO 


As, 0 „ 

si.,b„ 

Hi./), 

iV>i 


Sh,0, 

RiaOi* 

IV ^n 

As, 0 , 

sia), 


Rti, 

AsCl, 

SbC’.l, 

RiCI., 

PCI 5 

A.sCb 

SbCl', 



AsOt'l 

SliOt'l 

HiOCI 

POCJ, 


(SbSfl;,) 


II, vd. 

IlaAAt 

EE.,SbO,t 


1 • • i 


Sb(Onjyi- 

Hi(OIl)., 

' Hi’o^ ; 

EE.Vsbyl 

E(Sh0..t j 

HiO(()H') 

1 !”’<>» ! 


ElShOj 1 

IllhO.t 

i ((,(*04 1 

lI.,As(), 

EE,SI)b4! 

«>T 

dVS:,) i 

As^S^j 




ASjjSg i 

ShjS,, 

JEiaSa 

IVS 5 

AsgSg 

SI 12 .S 5 


CagPo 

NfigAs 

ZlijSba 

Mgall'a 


(he cEc'inciits, (Tctniiily u|> to aiul iiieliiding fiiitimoiiv, and possihlv 
l‘,,V •"'*'""' 1 '. lori'i (iclinito hydrides of the freneral Ibrnuila 

RI la- 1 Jus s.jrn at non-n,etalhe el.araeter is Iianlly developed in bismuth, 
vhi 'h ean however, lonn orf;ano-deri 4 atives sneh as tviinetliyl and 

n Iwn? rn"' It-lo ="’‘' mel'iVl bis- 

ithnu, ( IJ.,-- Uiila. other elenieftts form very stable and 

nninentns alkyl and other s»d)stitnted conipoiinds of tfie ammonium 
type, indudtng tetra-siibstituted ammonium, j)hosi)honium, arsonium 
and s rbomum bases. Annnonia is lormed by 'direct con.bination wRh 
Vdro (11 in the presence ol a catalyst, and is almost completely dissoei- 
formcrl T f femjieratiirc. I'hosphinc and the of her hydride; arc not 
f( rnied by direcit muon but only by coupled reactionii. Their principal 
physical pri^.jierties are as follows piim ipai 


* nehavc peroxifloH. 

f Oegiw r.f hyjirati.ai iiKlclirnU'. I'robaWy only luon., basic, 
t Known as salts. 
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THE PHYSICAL PROPERTIES OF THE’ HYDRIDES 
OF GROUP V. B. 


• 

NK 3 . 

PH 3 . ^ 

AsH,,. 

^ SbH3. 

Hoiling-point, ° P. . 


— 86 

— 5.5 

-18* 

Melting-])oint, V. . 
Heats of formation 

--75 

U52-5 

-119 

-88 

(Cals, per mol.) . 

i 

-i -12 

-1- IPd 

- 86-7 

-82 to -85 


The power of addin^f on water, witli the production of a base, possessed 
by ammonia, is lost in ilie ease of pliosphinc and the snbsccpicnt 
hydrides, although jihosphinc is still capable of adding on to a strong 
acid giving phosphonium compounds; as, for exani])le, phosphoniurn 
iodide, PH^I. The general instability shown In' the heat of formation, 
the temperature at which decomposition occurs, and by many chemical 
reactions, increases ra|)idly froni phosphine to stibine. 

0<r?V/etS'.- Nitrogen combines with oxygen directly, but only to a 
limited extent ; it does not, for example, yield either the pentoxidc, 
NgOg, or the peroxide, N2O4, by direct union. These arc only obtained 
by indirect means. I*hos])horus combines directly with oxygen, giving 
both the higher oxide, and the lower oxide, P40,j. Arsenic, anti- 

mony, and bismuth, when burnt in oxygen, give As^jOg, SboOi, and 1^20.3 
rcs})ectiv(‘ly. Li order tf) obtain the higher oxides of these elements, 
oxidising agents are recjuired. Data are not av'ailable for a com])letc 
com])arison of tlie heats of formation. Tin following ligures give the 
heats of union of gaseous nitrogen, and the reniaining elenients in the 
solid state, with gaseous oxygen: — 

NoO,-,. AsgOr,. AS2O3. NbjO,. Bi203 

IB l ;370 219 156 1 166-9 I ;39- 2 Cals, per mol. 

'riie heats of formation and of hydration of the oxides reach their maxi- 
mum in the case of phosphorus. The acids an* dehydrated more easily, 
and the salts derived from these an* more readily hydrolysed, as the 
atomic weights of the <'lements increase. The oxides of the tcrvalciit 
and (juiiKjuevalent cicmclits when hydrated give tlu* -ous and -ie acids,' 
or are known in salts derived from these. In the ease of V, .As, Sb, 
these acids, both -ous am* -ic, or their salts, can be classified in the 
types known as ortho-, pyro-, and met a , in onler of diminishing hydra- 
tion, the forniuke being analogous to those of the |)rototvpes II3PO3, 
H4P2O5.-IIPO2, and 11,P(L, II4P2O7, IIPO3. ‘ ’ 

Ilaliaes. — Direct combination with the lialogcns does not take placd 
in the case of nitrogen, and the halides, when formed l)yindireet nleans, 
are unstable and explosive. Phosphorus, arsenic, and aiitimony ooih- 
bine directly with fluorine and chlorine to give both t^r and (juinqiie- 

^ Except in the cases of bismuth; the li^droxitb' of tcrvalcnt bisinuth being basigeaic 
only, while that ()f (piitu|UHvalcnt liisnuilh is only known as an acid An tbo mota- 
bisnmthatcs of the alkalies, and as a component of the intcrmcdiUto oxide, BijO,. 



■a. ■ V. 

" TM heafe^ of forJtiation of thc halides, are less thaa in uic 
th^? m ^metallic elements. The resulting eompoiind^ are. hai&4 
hydrides in the case of phosphorus and arsenic, while antimony ahd ’ 
bismuth may be regarded as yielding salts of very weak bases," with ^ 
some halanhydride characters. The heats of formation are as follows : — 

■ f' ,• r . » 

P'Cla. AsCla. ‘STO,. PClg. Sb( I5. 

^-76-6 71-3 91*4. 90-6 109-2 104-9 Cals, per mol. 

Sulphi(ks . — The suijihidcs of all the elements in the subgroup,, 

; except nitrogen, can he made by direct combination in the dry way. 

: The sulphides of arsenic, antimony, and bismutli can also be precipi- 
' tated from solution. The two former are really thio-acids uniting witli 
- alkaline thio-bases to form salts. The sulphides usually belong to the 
same valency types as the oxides, the trivalent being the most usual. 

General Cuaracteristtcs of Nitrogen. 

1 Nitrogen alone among the common elements is found almost ex- 
clusive]}^ in the atmosphere, and only to a relatively minute extent in 
.*the solid and liquid ‘‘ten-mile” crust. In its mode of oeciirrcnce it 
thus resembles the “ inert gases ” of the atmosphere, and, like them, is 
also found in small quantities in gases which issue from hot springs, and - 
dissolved in the ocean. Actually the proportion of nitrogen in the ten- 
mile crust with atmosplierc and hydrosphere is only 0-03 ]>er cent. 

The part which it piays in the atmosphere as a diluent gas, inert 
in ordinary combustions, and its separation by liquefaction and other 
methods, are fully dealt with in Vol. VII., Part 1., of this series. 

Although relatively less abundant than, say, a less known clement, 
such as titanium, the billions of tons present in the atmosphere arc 
readily accessible to the transformations of modern chemistry. In a 
state of combination it is essential to all living organisms, forming as 
it does 15 to 17 })er cent, by weiglit of proteins. It confers upon them 
variability of reaction, as carbon confers a certain stability. 

The commoner compounds of nitrogen are easily decomposed hy 
the action of micro-organisms, heat, hydrolysis, and the affinity of other 
elements for the oxygon, e.g, of nitrates, or of oxygen for the hydrogen, 
e,g, of ammonia. Nor arc tlicse compounds usually formed by natural 
agencies ; both in their formation and their conservation tlu; nitrate 
deposits of West South America arc exceptional. A few nitrides also, 
such as that of boron (see p. 47, and Vol.' IV., in tins series), arc 
exccptioi|ally stable under ordinary conditions ; but even tJiese will not 
resist the action of sujjerheated steam, and their decomposition probably 
accounts f^r the ammonia present in the steam from some hot springs. 

Nitrogen is the diatomic gas of lowest group number,^ and, like 
.oxygen, it is tlie only diatomic gas in its group. Its rcseniblances to 
oxygen arc considerable and its contrast to carbon is extreme. Like 
qj^ygen, it forns eompouiids wiili all the elements of the first two series 
'e-Kdept fluorine and the inert gases. Like oxygen, it forms gaseous 
cp^ipohnds with parbon, solid compounds with the metals, with boron ' 
'and sllieon, volatile compounds with ])hosphorus, sulphur, and chlorine. 
The nifrides arc, however, in some cases, e,g. those of sodium and 

‘ OiAtting hydrogen, which in this series is ia Group h 





, ^^tro-ne^tive 'part pf its compounds, nitrogen is in a few cases, Sig*: 

■ in combination with oxygen and cliloriiie, £iie electro-pl^sitiVe part;; of 
' the molecule. * * ^ ^ ^ ^ 

In the number and valency type* of its hydndes it most nea^jly 
';rcser)iiblcs its congener, phosphorus. Both boron and silicon,* and of 
course carbon, form a greater number of hydrides. Some of the hydrides 
of nitrogen are unique in that, when hydrated, they form alkalies, 
i.e. the solutions contain hydroxyl ions, and it is noteworthy that the 
same element also forms a strongly acid hydride, hydrazoie acid. 

In the number and valency type of its oxides nitrogen most closely 
resembles vanadium. The higher oxides are anliydridis which, on 
hydration, give the strong nitric acid and the weaker nitrous acid. 
Salts can be formed which contain the hydride cation united with the 
oxide anion, ammonium nitrate. In this property also nitrogen is 
unique. 

The allotropy of nitrogen is only exhibited in active nitrogen, of 
which, however, the moleeular weight is unknown, and which can only 
be prepared in much smaller quantities than ozone. 

The properties of liquid ammonia arc soniewhat similar to those of 
water ; both compounds are removed from the ordinary sequence of 
the hydrides of their respective groups, probably on account of poly - 
merisation. 'i’he -Nil 2 radical plays a part very similar to —OH in 
many reactions (sec p. 79). Other radicals containing nitrogen which 
enter into a great variety of reactions are, iinido —Nil, oximido — NOII, 
nitroso -' NO, nitro - NOg, and diazo 

The neutral oxides of nitrogeji, N-^O and NO, are represented accord- 
ing to electronic theories of valency by space formulie siniilai to those 
used to represent COg and CO respectively. 

The higher oxides, NgOg, N2O4, and NgOs arc acid anhydrides. 

The aliinity of hydration, both of the hydrides and of the acid : 
anhydrides, is considerable. In the other members of tlie group the 
ailinity of hydration of the hydrides is practically zero; while that of . 
the anhydrides reaches its maximum v^aliic in the case of i^hosphoriis, 
is moderate in i he case of pliospliorous oxide and arsenic pentoxide, and 
only slight in the ease of the other oxides. 


of’ TIte BtEMENTS ’ tit aEOU»; V, 
r'^6toL;ii?ss 'deflrted tSa the oxides. While •oxvijen w always 1 



CHAPTER II. 


THE NITROGEN ATOM VALENCY, STEREO- 
CHEMISTRY, AND STRUCTURE. 

The Valency of Nitrogen. 

ArcoiiDiNc. to those iiiiulainontal conceptions of valency wliicli are based 
on the numbers of elements vliicli (*ombine with one anotluT to form 
stable com|)onn(ls, the elements nitroocn, phosphorus, arsenic, anti- 
mony, and l)ismuth possess the wcll-dclined valencies of 8 and 5, which 
have been already illustrated by typical compounds (se(‘ also this 
series, Vol. I., section on “Valency ”). The s|)atial directions in which 
these valencies are distributed around the central atom have been 
most fully elucidated in the case of nitro<,a‘n, whieh will tlierefore be 
taken as the j)rototype to which th(‘ other elements are already known 
to conform to some extent. 

Isomerism amon^^ compounds of t(‘rvalent nitro^a-n ot‘ the type 

a 

1 , 

h — N c will not be found if the valencies an* in one plane, but only 

if tJic}’ arc bent ; Jis, for example, aloni*' the edj^es of a tctrah(*dron.^ 

Actually, substituted ammonia bases have not been pre|)ared in 
isomeric forms (or stereo-isomeric optical antipodes) by any of the 
usual methods. 

It does not follow that the valency directions are in the same plane, 
for the absence of isomerism would be equally well explained by an 
extreiiK* lability or interchan^’eal)ility of the occupied positions with 
tile spare valency or “ lone jiair.” - 

If the nitrogen atom is united to another atom by a double bond, 
which, as in the case of the cthylcnic linkage bidwc'cn two carbon 
atoms, is incapable of free rotation, a gcoiyetrical isomerism becomes 
possiblci The discovery oi' two isomers of benzildioxime,® followed 

c 

’ V'uii ’t iJiilf, Athw'hU n ijhcr die, Onjuniscfir IS 78 . 

'•* Optical activity is found in the case of the tri-substituto<l snlplioniimi if)ii, 



whicdi is quitr analogous in constitution, Imt dill'crs by having a c.liaigi^ wliiclj is iin partial 
by op% of the radicals Jl, I'licn* must, in this case, Ix^ some hindrance* to that free 
ifiUircdiango of po^kions \vhi<'h was postulated in t I k; case of tho subslitiik^d ammonias 
(sec b^low, “Electronic Theory”). In the ca.se of solid ammonia it has Ixam luovod by 
X-ray tmiiysis ybat the atoms of hydrogen are in one plane (Mark and IVdiland, Xeiltch. 
KrrAmllotj., iy2r>, 6i^ 0:12). 

® Goldschmidt, Bor., IhSil, 15 , IGMi, 2170. 

10 
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by that of a third form of this compound ^ (see below, p. 12), was 'ftrst 
explained by different configurations of the molecules Tound the singly 
linked carbon atoms, while the somewhat simpler v,>xample of the 
isomeric a- and j8-benzaldioximes ^ was explained at first as being due 
to differences in structure. These Kypotheses, however, did not agree 
with further facts, and all such cases of isomcrjsnx arc no\V attributed 
to the spatial configuration of the groups attached to the nil:rogen 
atom.® 

Stereochemistry. 

IMany further proofs have been given of the iiypothesis tiiat the 
tlirce valeiiey directions of the doubly bound nitrogts} arc not*' 

coplanar.^ If we cornpan* witli one another the corn^sponding carbon 
and nitrogen atoms in acetylene and h^nlrogcn cyanide, also benzene 
and pyihline, and assume tliat the three ear})on bonds arc directed to 
the angles of a tetrahedron, so also will be those of the nitrogcai : 



If, now, one jjair of bonds is severed, the nitrogen becomes cl inbly linked, 
and if the third valency retains its direction, two spatial arrangements 
result which Jiiay be rcprestaited l)y the diagrams or Ibrmuhc 



c.g. the eliIoro-]jenzo-])henon(‘-oxiines, by 

iV (I C -C«ll, 

II 11 

no N N- OH. 

These forms are known^as syn- and anti- with respect to uhc groups 
“n,” according to whether the group ''c” is on the same sict es, or on 
the opposite side to, '"a.'' Tlic istnners show ditferenees in })hysieal and 
(hemieal properties such as eharaeterisc the geometrical i.somers derived 
from ethylene. Their e<jn figuration has been diseo\ creel by reactions, 
such as^that of IJeekmann. When treated with PCI 5 in benzene oi:> 
petroleum spirit they arc* converted into amides, and these witji the 
acids formed by their hydrolysis should be, and arc, different in the 
two cases : 


^ V. Muyur and Auwurs, Jkr., 22 , 7(15. 

R'okmanii, ifnd., 18S9, 22 , 429, 15;H. 

* Hantzaoli and Woriiur, ihid., 23 , II. ^ 

* Mills and Miss Uaiii, Trans. Vhrm. ISoc., 1910, 97, 18(30; ihid., 1914, jo.S. 04. 
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r:' HO-c^: ;■■ • 

. , II :: — *■ . . II — ^ - '1 

_.1E>-N «— N «— N-H 

a—C—b a—C—OH a~-C=0 

II , — >■ II I 

N— OH N- 6 II— N— 6 

Finally, it may he mentioned that the dioximes, such as beiizildioxime, 
^ .should exist in three isomeric forms, and this is found to be the case 
\ (sec above) : 

a’h— C C--Ph Ph— C— C— PJi Ph— C C-Ph 

II II . II II II II 

N— on IIO— N HO—N N— OH IIO— N IIO— N 

v. SyJi-. Anti-. Aiiiphi-. 


A similar type of isomerism is found in the hydrazoncs, 
^ N—NllU, and osazones. There is also considerable evidence 
that the diazo-compounds exist in syn- and anti-forms : 


Ar~N 

II 

X^N 


Ar— N 

I! 

NX 


Ar--N 

II 

KO-N 


Ar-N 

II 

N-OK 


Full details may be obtained from text-books of organic cliemistiy. 

■ Change of Valency . — There are many compounds, such as the am- 
. nioiiium bases, nitric acid, etc., in which it seems impossible or unnatural 
•to retain the tri valency of nitrogen, and the sini})icst assumption, on the 
: older ideas, is that of quinque valent nitrogeii. In compounds such as 
nitric acid, O2 -lN — O il, nitryl fluoride, Og -N — F, the live negative 
valencies are the contravalcneies of Abegg's system (see this series, 
Vol. I.). Ammonium and substituted ammonium salts are clearly 
of a different type; of the two (‘Xtra valencies, one is a positive or 
hydrogen valency, of the same kind as tlic first three, and the second 
is an clectrovalency. A change in the valency of nitrogen is exhibited 
in the tautomerism of hydroxylamine and its derivatives : 


Ila-N-OII. :±:H3-N-p ; 


also in tlij^ formation of ammonium salts and the salts of ammoniunj 
basc^s : 

R3N I Ri— ^RgNRi ; 


^ahd in.the tautomeric change of pseudo- bases into true bases or baso- 


%rms : 

y ■ , =C(OH)— NRj— ^-C^NKjOll. 

ft is QGW no loriger necessary, however, to postulate the existence of 
j^uSiquevalent nlttogcn, since all these changes are satisfactorily ex-; 

the new valency models based on the electronic structure^'; 
qf tijc'^atoln. Indeed, these theories deny the possibility of quinqil^^;^ ; 
v^ehey of the organic type, i.e, quinque-co valency (see belo^sr)* : ^ 



TThe Structure of the Nitrogen. Atom . 

Nitrogen having an atomic number of 7 possesses* a ^nucleus con- 
taining 14 protons or units of atomii; mass, eac}» carrying unit positive 
charge, together with 7 electrons, the net po iti\^e cliar^e .bein5 7, 
Closely associated ■with this are 2 more electrons (K electrons); and in 
the outer sphere or shell 5 more valency electrons (L electrons). Only 
this outer shell is represented in the models, which show chemical 
Combination. The model of Kosscl,^ however, shows all the electrons 
except those which arc in tlic nucleus. 

A completed outer shell contains 8 electrons, which in the models 
3f Lewis and Langmuir arc symmetrically disposed on the angles of a* 
?ube, as in the case of the inert gases. The incomplete shell or “ sheath ” 



Fio. 1.— -J'lane model of tlur lu'troj^cn 
atom (Ko.sscI). 


Fkj. 2. — Cnbio mode! (Lewis and 
Langmuii ' 


of 5 electrons may for convenience also be represented on a cubic 
model. ^ 

The Electronic Systems of Combined Nitrogen. — Wlion nitro- 
gen combines with 8 atoms ol’ hydrogen or chlorine, or with 3 univalent 
radicals, it forms 3 duplet xalcncy bonds, in each of wliioh 1 electron 
has been contributed by each clement. It tints completes tiie “ octet 
or stable shell, and may be regarded either as a cube, of which the 
edges form the bonds, or jireferaldy as a tetrahedron, at the angles 
of which arc situated ])airs of electrons. The latter method has 
the advantage of representing in an intelligible tnanner a trivalent 
combination (such as IlCN and Ng), and of being uniform with the 
system so successfully adapted to the representation of carbon com^ 
pounds. The single bond is thus represented by contact at angles, 
the doid:)le by contact albiig edges, ami the triple by contact over faces, 
of two adjacent tetralicdra. These types will be found in Fg, 0., and N 2 : 
respectively ; and the s p(‘rior stability or greater inertness of the 
N = N molecule may be due to this configuration. " 

The Three Kinds of Valency.- -The electronic iuodcls of chemical 
combination have supplied a logical and consistent mode of rcpre^jcutinff? 
the valerlcies e^n of compounds, which could not be so represented lit- 
any of the older theories. As nitrogen has always held a^cntral position* 
in the lield of discussion, this is perhaps a suitable place in wljbh 
to summarise the conclusions which have been rea^ihed at 

^ Kossel, Ann. Phijsik^ 1916, 49 , 229, 

^ Ijcwis, J. Anier. Ghem, Soc.y 1916, 38 , 26i^ 

’ Langmuir, ibid.^ 1919, 14 , 164.3. 
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Historically, the idea of electrovaleiiey as combination with or rejec- 
tion of tlic electron wAs first suggested by Thomson, ^ and more definitely 
by Ramsay. 2 The explanation of ordinary valency of the organic type 
as being due to pairs of shared electrons owes much to G. N. Lewis. ^ 
Fin, ally, the idea of mixed bonds, which is a logical development of 
electron theories, ^vas dc\'elof)cd by Lowry, ^ and some results were 
stated in the form of postulates by the author'^ as follows, under (3) 
below. They are particularly helpful in dealing with co-ordination 
compounds.^’ ® 

' The three kinds of valency are : 

(1) Klecirovalencij, thc^ electrostatic force which unites the ions of a 
•salt, e.g, Na+ . . . Cl , either in solution or in the solid crystal. Of this 
kind are the oxygen and halogen valencies of the metals. 

(2) Covahney^ which unites the atoms of non -polar compounds of 
an organic type, e.g. Cn 4 . Of this kind arc the hydrogen valencies of 
the elements, particularly the non-metals. In this ease, each atom 
sharers one or more of its electrons with the other. 

(3) Electro-coi alency, which unites some of the atoms of co-ordinated 
groups, such as K 4 [Fe(CN)(.|, [Co(Nll3)y](N02)3. This mixed bond 
consists of a pair of electrons, but also produces an internal field of force 
or latent j)olarity. This kind of valency also probably unites the non- 
metals with one another, or wilh oxygen in the oxy-acids. In this case, 
two adjacent atoms share as before two electrons, but both electrons are 
sup])lied by one only of the sharing atoms. 

Ammonia, Amines, Ammonium Salts, and those of Quater- 
nary Bases. — Ammonia and other tricovalent compounds may bo 
represen tetl as ; 

Il_ R 

II N Ij II U X II, 

in whicJi the scroll divides the electrons which arc contributed by each 
atom. 

Nitrogen having com])leted its octet is now saturated, ft still 
possesses, however, a “lone pair,” and, by virtue of this, can at- 
tach another atom which lacks an electrorj, such as the hydrogen ion 
This carries wilh it the positive charge, since the whole grou]), 
tlie ammonium ion, has one electron le.ss thaivthe sum of all those re- 
quired to make all the atoms electrically neutral. Precisely the same 
reasoning ‘a])plies to salts of substituted ammonium bases, since Rj in 
H4X must lose an electron to the halogen X before it can become 
atta'clied to the nitrogen. 


* Tiionhsoii, “The ('ortiusiiiilar Theory of Maitor ” (Oon.stahlo, 19(f/). 

* * Ramsay, Tm'nH. Chfm. Hoc., 1908, 93 , 774. 

® ‘Lewis, “ Vakmoo ami tin- Structure of Atoms and Molecules” (Ohem, Catalog. Co., 
1923). cMj). vi. 

* Lowry, «/. Soc. 1ml. (Cl/em. and fnd.), 1928, 42 , 412. 

® PridtiAUX, ibid., 1925, 44 , 25. 

* Wry, SifM., 1923, 42 . 224, 315, 412, 402, 072, 711, 740, 1005, 1048. 

’ Spiers, ibid., 1923ii 42 , 534. 

® Brockinan, ibid., 1924, 43 , 750 ; 1925, 44 , 25. 
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•' “a. 

>l{t X‘ J<,(j ^ ■]Ri^ . X 

According lo the rule of Lnn^miiiir,^ if /; -nnmix r of diipIcLs or 
bonds,'' /2 -niirnbf'r of ocUd-fonnin^r (li nionts, and Ht' Mu* sum of 
electrons on nil the atoms, tlu*n 

2 p — Xe, 

and we liave i’or ammonium chloride, 

2/;-8x 2- (5-1 7 -ft )=-(). 

I'hns there are no thi])lets uniting- the main elements N and (d, wJiieh 
are only nnitc'd ])y an eleetrovaleney. 

Jt will be found that most, if not all, compounds eontainin^^ the 
su])pos(‘d (piimpievalent nitrogen can be ex])lain(‘d in this way. Thus 
a compound of the tetramethyl ammonium ion with trij)henyl methyl 
is found to be an electrolyte, and may lx* r(*^arded as a salt : ^ 

x\(ClL.) ,+ . . . 

When ammonia combines with water which is only ^li.l^’htly dis 
sociated, ainmotiium hydroxide, also slightly dissoeiatt'd, is prodiieed, 
whereas whefi it combines with hydrochloric* acid wJheh is highly 
dissociated, the highly (lissoeiat<*d ammonium ehloride is produced. 
In both eases the ISIf, aels as an ‘‘ aeceplor of hydrogen ions ” (sec 

P- 

The tautomeric change of hydroxylamine inio the t{mtoin(*ri(* oxy* 
ammonia takes ])laee, as in the ohhr theory, by the migraiion of a 
hydrogen atom. The nitrogen, howevir, does not become quin(|ue- 
valent, but (juadrivah'iit, with one mixed bond ” : 

1 1 

II ; N (j O (j II JI (j ^ O ; 

"rr 

The compound on the left cati form salts of hydroxyiamij*t , vdiile 
that on the right can only lorm ‘‘ oxonium salts. 

In the substituted hydroxylamines and the amine oxides these two 
structures are lixed, and their isomerism then becomes evidenl by difftr 
enees in pJoperti^s. Isomerism is also shown by the compounds ' 

[RgNOR+liORil- and [RaNORf’JIOR-^,'^ 

^ TJu’ full an<l abbreviaUsi synibots are tho-se pniposiMt by IMiIufWJ.f in 1925, he. rita 
® Langmuir, J. Amer. Chem. Soe., IDJU, 14 , 15-13. 

® I.e. which unite octet-fonning cleincnts. 

* Schcnck and Holz, Ber., 1917, 50 , 274. 

* Meisenheimer, Anfuikn, 1913, 397 , 273. 
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^ ^ progjfessive in tlie i^deijcy to 

Eami^tp ^ve “ -onhim compounds ijsi sJiown by tl^e senes 
NCig. It is due to' the opposing pull on the electrons by the increasingly 
negative sifbstitiient, which thus leaves the nitrogen atom more positive’ 
and, therefore, with a less tendency to combine with positive groups^ 
In NHg the nitrogen atom exerts a stronger pull on the comnipn 
electrons than does a hydrogen atom, as is shown by the fact that, 
in NaNHg the nitrogen has gained a negative electron with forma- 
tion of a hydrogen ion, which then gains the electron again from the 
fodium : 

NII 2 " . . . H+^Na-NHa- • • • Na++ill2. 


The potentially negative nature of the nitrogen atom thus revealed 
iccounts for the ease with which NH4+ ammonium ion, is formed, 
[n NH2OH the oxygen exerts an opposing pull on the common electrons, 
the nitrogen is less potentially negative, and consequently hydroxyl- 
amine salts are formed to a smaller extent, or are more hydrolysed, 
than ammonium salts. 

In chloramine, NII2CI, the strongly electro-negative chlorine com- 
pletely destroys the tendency of the nitrogen to attach itself to 
positive ions. 

Stereochemistry of Ammonium Derivatives.— The resolution 
into optical isomers of compounds of the type NahedX had already 
been partly effected by Lebel,^ who, by acting on a solution of melhyl- 
ethyl-propyl -ammonium chloride with the mould “ penicillium,” ob- 
tained a feebly laevo-rotatory effect on polarised light. 

By combining )Vcdekiiurs a-phenyl-bcnzyl-allyl-mctliyi-aminoniiim 
iodide with silver d-camphor sniphonatc. Pope and Peachey ^ obtained 
iodides having rotatipns [ajo of i 6(h8 in chloroform solution. 

The various models which have been used to represent the configura- 
tion of quinquevalent nitrogen compounds can now be replaced by the 
simple conception that the ammonium ion is quite analogous to the 
methane molecule, and the asymmetric nitrogen atom which it contains 
is dextro- or laevo-rotatory according to the arrangement of the groups 
ahe when \icwed from the fourth angle d : 


"h + 

and 

c b 

t 

Isos?:eric Molecules containing Nitrogen. — Two compounds 
which can be rcj»rescntcd by similar figures containing the same numbers 
of octets similarly combined are said to be “ isosteric.” Such pairs often 
|; show a close similarity in physical properties ; for example, we have 
^nitrogen and carbon monoxide, nitrous oxide and carbon diotvicle. The 
p,toins can be represented by tetrahedra, but it is morevionvenient to use 
A'cubes in cas<?s where this is possible. These are conventionally repre- 
below by formula*, in which the dots between the atoms represent 
; ]kia . 


* l-^bel, Compt. rend., 1891, 112, 724, ' 

“ l*()pe and Peachey , Trans. Ck^m, 1899. 75, 1127, 




:0;;C:;0: . :N::0:;N: 

The cyanide and isocyanide ions are also isosteres of carbon monoxide, 

It is not, however, to be expected that these isosteres will all cyhibit' 
the same reactivity ; for an ion, such as the ammonium ion, is ob- 
viously in a differcjlt state from methane. Even, however, where the 
physical state is the same as in CO and Ng, a closer examination will 
show differences in the nature of the bonds. Thus, while all three 
bonds uniting the atoms in the nitrogen molecule may be normal 
diaretl duplets, one of the CO bonds must be a “ mixed bond.” So 
ilso in the CO 2 molecules, all the valencies being hydrogen valencies 
ire normal duplets, whereas in NgO each nitrogen is united by a normjil 
and by a mixed bond. 

Oxides and Oxy-acids of Nitrogen, —In all these compounds except N 2 O 5 
and IINO 2 the mixed bond must be present. Nitric acid itself is probably 
a co-ordination compound if represented by the strict octet theory, as : 

0=N-~0- H+. 

I 

0 

Since, however, the X-ray examination of crystalline nitrates has 
shown that tiie three oxygcii atoms arc symmetrically placed round 
the nitrogen,- it is usual to represent the nitrogen atom with a sextet 
instead of an octet of electrons thus : r 

0 - 

o( ; N ; )o I or 0 , Z. . n- -o" 

in the symbols proposed above (p. 15). 

The Ammines.- Since the ordinary valencies of nitrogen are saturated 
in ammonia, this radical is necessarily attached to the central metal 
atom by mixed bonds, which are thus found to be identical with the 
“ auxiliary valencies,” etc., f)Ostulated by Werner and others, indeed, 
"all co-ordination complexes may be shown to contain mixed bonfs (see 
definitioii, (3) above). The numbers of electrons thus added to the 
central atom are in many cases those required to make up the next 
stable configuration or zero group gas. As has beim pointed out by 
Lowry, ^ a shortage of one \)r two electrons may be tolerated, but hardly 
an excess. Cobalt •hexanuninc chloride is an example of the completion 
of the stable shell by the addition of “ lone pairs ” on tlit^ ammonia 
radical. 

. ^ in those arrangements, which are adopU^d to .save spa(5e, it is understood thattaeh 
pairs is shared. 

X. Jjowis, “yalence and tho Structure of Atoms and MoIocuIpjil” 1923, p. lOlt 
Chem. Ind, {Chem. (^nd Ind,)^ 1923, 42 , 318. 
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Thus in 


'(H3N)3 > Co < (NH3)3 

> . < 



the eobait has (Gained 12 0 from the NHjand lost 3 0 to the halogei 
atoms, the net gain being 9, which raises its atomic Jiumber from 27 t^ 
36, i,e. that of krypton. 

' Disintegration of the Nitrogen Atom. — VVJien a-partieles 
emitted from radium C or otluu* sijitaf)le source, pas i through liydrogei 
and some other gases, they ]3roduce a few swiftly moving particle."? 



Fio, 3. — Aj)puraturi for effecting and examining the <liHintegration of the 
iiilr(*gen atom. 

'J\ lira.ss tube. 

/, iiili.t Jind oiillft tubes for "asi.-s. 

J\\ soiiroo of n-particlos. 

(/, iibsorbiiij; layor of silver foil, et*.*. 

S', scinfillatiTig siTofii of ziiic fciilpliid.,-. 

Af, iiiicrokicopo. 

JP, pointer. 

(/, grudu.at€d scale for inea.surii)g f lik*Knt‘.ss or nlisorbin,? uir. 


which have a range of about four times that of the exeiting a-partieles, 
and which can therefore be detected ind(‘pendently of these by the 
scintillations which they produce on a seteen of zinc sulphide.^ The 
later publications of Rutherford and liis collaborators, and others, leave 
no doubt that these particles are “protons/’ or hydrogen nuclei, each 
bearing unit positive charge, wdiich are ejected from the nucleus of air 
atom by elastic or end-on collisions witli the a-partieles.-^ In the ease 
of hydrogen, one collision in about one thousand million ])roduees a 
s\vift jiarticlc. t ^ 

The aj)^)aratus •'* consisted of a tube, containing the gas under 

/i Rutherford, rhil. Mmi., U)19, 37, .537, 502, 571, 581. 

* * Rutherford and (’hadvviek, ibid., 11)22, 44, 417 ; 1921, 42, 809; .see also Rutherford, 

ibid.\ 1914, 27, 4*88 ; Darwin, ibid., 499 ; Muradeii, ibid., 824 ; Mursden and Lansberry, 
30, 200; see also (’hadwick and Bioler, ibid., 1921, 42, 923; Rider, Proc. Roy. 
A’or', 1924, A105, (134. 

* Rilthei-ford, Trans. Chein. Soc., 1922, 121, 400. 
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examination, in wl^fcJi is fixed a plate bearin*^ the radioactive prcparatioiv 
and at one end opposite to tliis a brass plate, iji th<* eeiitrc ot whieli is cut 
a small opening wbieh is closed by a ti)in plate of metal, suefi as silver, 
ahaninium, or iron, whose stopping power for tin a-j'/irtieles lies be- 
tween 4 and (> cm. of air. The zinc sulpliide screen is |)laeect opposite 
the opening outside the tube and distant 1 or 2 mm. from the nietal 
covering. A small portion of the screen, about 2 itmi. in diameter, is 
viewed by a mieroseope which has a magni heal ion of about K). The 
tube is eneireled by the |>oles of an electro-magnet, which dclleets the 
swift ^-rays or negative ( leelrons away from the screen. 

In this a])paratus, hydrogen, aiul then otlu'i* elements juul compounds 
have been tested for the emission of swift particles of long range. The 



F’C. 4.--AI>soi])li(in of H-partiulf.-? (loriveil from /liirogon and hydrogen. 

Curve I. I’artifli.vs frum iiilrofr'-a forward. 

,, 2. from m baokwttrd. 

.'C I’itrfcicUs from liydrof(oii. 

following deseription is quoted mainly from one of Rutherford’s ])apcrs : ^ 
When the hyflrogeii is replacf d by dry oxygen or earluiu dioxide there 
are still a few seintillatious which were believed to he due to traces of 
hydrogen. Th(‘ number of scintillations v'ns iuereasc'd tbr e to four 
times by .substituling air in the lube, and in a greater j^roportioc oy pure 
nitrogen. When a-i>arrieles*having a uniform range of 7 cm. of air arc 
employed, the swift particle's derived from Iiydrogcn hav'O a range just 
under «‘30 cm., and no scintillat’'»ns can he detc'ctcd after absorption by this 
thickness of air or an ecpnvalent thickness of otluT absorbing snl)stance. 
The ])artieles from nitrogen, howc'vcr, can be detceted after an absorp; 
tion of 40 cm. of air or its (equivalent. Tliosc between .*J0 and 40 cm. 
cannot, tlici^forc, ])(? ascribed to traces of Iiydrogcn or its eompouiids 
which miglit be present in the nitrogen, ’riiesc' particles aje deiloeted 
by a magnetic field like the ll-particlcs, with wliich they ap])ear to be* 
identical in all respects except in velocity and range. Tli<;ir nuiximmn 
velocity is 1-6 i), where v is the Velocity of the a-partic^L?. Some .arc 
ejected in a direction contrary to that of the bombarding a-[)ar^tiyles ; 
the maximum backward range being 18 cm. The num^icr emitted* in 

‘ Rutherford, foe. ut. 



dii'eqti6iVs by a milliph ^ 8*6 cn)/is 

same particte can be emitted from the nuclei, of otlier dements (s 
below), and'* in particular phosphorus, which gives about the sain 
number as nitrogen under the same conditions, but of a greatef raifg 
equal to 65 cm. of air. No dement of higher atomic weight than pho 
phorns was found to give the swift li-particles. 

It has been calculated that the chance of liberation of an ll-partic 
from nitrogen is not more than ..‘,th of tlic chance of liberating one froj 
liydrogen in cor res])on ding motion. The a-particle has to penetral 
more deeply into a more con^plicatcd system of electrons in the form( 
?ase. That such a penetration may also cause a backzmrd ejection wa 
;hown by the simple sketch reproduced from Rutherford’s paper. 
Jertain conclusions as to the structure of the atomic nuclei have bee 



Fin. 5.— Production of swift H-particlos from the nit.rogmi atom (after Rutherford). 


drawm from these results. In the first place, it is noticed that H 
particles are only liberated from dements the atomic weights of wind 
are given by the series: A=4n-f2 or (where “w” is a whok 

number). In the case of nitrogen, A=^4x3 f2, and in that of phos- 
phorus, A =4 X 7+3. 

Carbon and oxygen, with atomic weights of exactly give no 
particles, and helium also (in which «=1 ) has never been disintegrated 
by bombardment with a-partides. In the formation of the helium 
nucleus great energy is liberated and tliere is loss of mass, since the 
4 ju’otons coalesce to give a mass of 4 instead of 4xl-0()77; but in 
the atoms of atomic weight, 4n+2 and 4a+3, tlie odd protons are prob- 
ably inore loosely held and may retain their mass. “ If it be supposed 
that the nitrogen nucleus is made uj) of 3 helium atoms of total mass 
12, and 2 hydrogen atoms, the mass of the nitrogen atom should be 
not 14-00 but more nearly 14-01.” In this connection it should be noted 


j^Jhat nitrogen contains no mass-spectra isotopes (p. 4). The tracks of 
lateVscil particles may be made visible and photographed as lines of 
no doub'icd .water when the a-partides pass through a vessel of super- 
bearing uiV (method of C. T. R. Wilson). It may be 
atom by dasfit ^ more complete record of the collisions should thus be 
of hydrogen, on\l photographs have been taken in an automatic form of 
s\vift i)articlc\ ^ camera which exposed two, standard ciuemato-; 

The* ai)f)aratus !>angles.‘'* Twenty-three thousand photographs wete( 
hese showed the expeeled eUeel Vw tv \eY\ 

2 llutherfui'^ Aiul Chadwick, 

ibifir m4, 27, 1^8 ; i>arwin, fW., cAem, Soc.. 1922, I2I, 400. 

tbid.^ms, 30, 200; see- also Ch^wie.. 1925, A107, 349. 

aVccT, 1924, A105, 434. 

* Rutherford, Trans, Chem, 101^^ 




CHAPTER HI 


NITROGEN. 

Symbol, N. Atomic Wciglit, 1 (O-^Ki). 

History. i -Altliodoh 1). Rutherford is generally recognised as having 
discovered in 1772 tliat nitrogen is a constituent of the air, yet it 
would seem that, a century before, Hooke and Maja^w had shown that 
the atmost)here contains two gases, one of which supports respira- 
tion and combustion. Rutherford, after burning carbon, sulphur, 
})hosphorus, etc., in air to remove oxygen (dephlogisticated air), treated 
the remaining gas with caustic alkali, and showed that the residual gas 
(phlogisticated air) was incapable of maintaining life. The same result 
was obtained by similarly treatiiig air which had been subjected to the 
respiration of animals. 

Priestley (1772) ^ was the lirst to show (piantitatively that onc-lifthof 
the air disaj)peared when charcoal was burnt in a closed vessel, and the 
residual gas was shaken with milk of lime. A similar result was obtained 
by Lavoisier {177())® l)y the combustion of phosphorus, and it was 
Lavoisier who dclinitely recognised nitrogen as a simple gas, which he 
called -identical with the foul air already recognised by Schceic ’’ 
as one of two gases of the atmosphere. The present name of nitrogen 
was suggested by (•haptal in 1823 because the gas is a constituent of 
nitre (Greek nitron). 

Occurrence. — In the I’rec state nitrogen occurs in tlu atmos])hcre 
to the extent of about 78 j)er cent, by volume or 75*5 [)cr etmt. by 
weight.’ Eree nitrogen is also present in volcanic gases, meteorites, 
and caviti(!s of plants. In combination, nitrogen is largely distributed 
throughout the animal and vegetable kingdoms in the form of albu- 
minoicls, proteins, and their degradation products. In the mineral 
world large deposits of sodium and [)otassium nitrates arc found iu 
Chili and India, and it is possible that i veu these salts are of organic* 
origin. 

Nitrogen Cycle in Nature. — In nature there exists a. continuous 
cycle whereby nitrogen is lirst “ fixed,” and then subsequently berated 
from combination with oth^ : elements. This natural cycle of operations 
may be conveniently represented by the diagram on p. 22. 

Thus it would appear that elemental nitrogen bcc^omcs fixed from 
the atmosphere in two ways. Firstly, direct combination of nitvogeu 
and oxygeli occurs by means of atmospheric clcctrieifc}^ resulting in the 

^ For tho Imtory of fclie compounds uf nitrogen, seo uiidvr each sootioo 

“ iSeo Akf/tbic Club Kejtrlnls, No. xvii. 

® Rutherford, Dc Acre i)l epkilko^ Edinbur^^h, 1772. 

Seo AkiMc Club Reprints, No, vii. 

* Lavoisier, CSuvres, II., 99. 

• 8co Akinbic Club ReprirUs, Nu. viii. . W 

the history and exact ooiwposition of air, seo this scries, Vol. VII.. llart T • 

21 .^.. 
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production ol’ oxides of nitrogen. These are dissolved and washed down 
by rain in the form ol‘ nitrous and nitric acids, wliicli arc coin^erted into 
the corresj)ondinf( kilts liy neutralisation with bases in the soil. Secondly, 
direct assimilation of 1‘ree nitrojrcn takes place by leguminous ''jdants 
(^)eas, beans, clover, etc.) with the help of bacteria. This method of 
nitrogen lixation is nature's eoinjicnsation for the loss of combined 
nitrogen in the soil — the leak, as it were, being due to denitrifying, 
bacteiia. JOlementary nitrogen is lixed by a large variety of azo- 
baeteria, whieh work in either a symbiotic or non-symbiotic manner, the 
former being the chief method. It has been known for many centuries 
that legumes have a very beiu'lieial effect in restoring the fertility of the 
« soil, but it was not until l(S«S() lhat iwoof was forthcoming of the presence 
ol' definite imeteria in tin* nodules on the roots of leguminous plants.^ 
The isolation of B, radicicnla followed, and its symbiotic relation to the 
])lant itself was established by recognising that nitrogen was given to 


I Atmospheric 


Leguniinons pl.uils with the aid of baet<’ria 



Nitrous ami 
uilri(5 acids 
(nitrites and nitrates) 


Vegetable life 


Organic Jiitrogenous sub- 
stances (proteins, etc.) 
in jilants and animals 


Denitrifying bacteria- 



Aniinal and vcgcdablo decay 
assisted by mioio-orgaiiisms 


Atnmouia 


the plant in iclnni for carbohydrates and mineral sails from the jdant 
to the haeterinm. Xon-symhiotie hxation moans tlnit haetinia work 
independently and not in association with other bacteria or higher 
plants. The bacteria arc either of the anaeroliic or aerobic tyjie, and 
it has been generally eonsidert cl that, although the aiiaerobie tire more 
common ami im])ortant, }ct a/otobacter and other aerobic nitrogen 
fixers lune an important fimetion. Jt has been recently suggested tliat 
the use of aerobic bacteria is overestimated, as the anaerobic lype arc 
capable of iixing twice the amount of nitrogen under similar eomlilions.^ 
Most plants (cxecjiting legumes) reipiire the nitrogen to he in some 
form of eomhination most generally as nitrates. Broadly sjieaking, it 
is possible to trace two ways in whieh nitrogen is brought into a suit- 
able condition for assimilation. Jii the first ‘place, the cleath aiid decay 
of vegetable matter causes the eomj)h*x nitrogenous substances (albu- 
iiiejis, proteins) whieh have becji produced during plant life to yield 
ultimately sim})le suhstaiiees such as ammonia, nitrites, and nitrates. 
Sc;eomlly, the assimilation of vegetable ju’oducts by animals results in 
their, decomjiositiou by metaholie jirocesses, wdiich produce urea, uric 
acid, and other fiecal products. These are further broken ‘’down into 
^siinplcr tlcriA^tivcs (ammonia, nitrates), which arc now available again 
*for plant assimilation, and tlie cycle starts afresh. As practically all 
the ehemic'al ciiangcs are brought about directly by micro-organisms, a 
• • 

^ HfJlr^gel and Wilfartli, Annaks A[/ro/Lt.mi((Ur.n publik’Jt sous Ics auspices du Ministere 
de V jtijricullurc tt du^Cuumcra., Paris^ 1888, li. 

® Truffaut and Ifezasunoff, Conipl. rend..^ 11125, i8l, 105. 
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very brief account of those natural processes of amjnonllication and 
nitrification will be ^uven. 

Ammon ification is the jiroduetion of ammonia from ^iroteins and 
their ci'eavage iiroducts by means of micro-or^rani^ ms. Both fungi and* 
bacteria cause extensive decomposition of alburn^ n : and jiroteins, first 
producing albumoses and peptones, then anrino-acids, whicli ate ro.adil5^ 
.converted into ammonia. Amongst soil bacteria, one of lire eommonest 
is B. nif/coides, wiiieh is very efiicient in jirotiueing fimmonia from 
organic nitrogenous materials. Knergy relations are an important 
factor in tlu^ rapidity of deeomjiosition of j>roteins. 'JMiiis both ( arbo-. 
hydrates and jnoti ins arc utilised as source's of energy. The j>resenee 
of much carboliydrate nialerial will result in a relatively small amount 
of decomposition of jiroteins- just sullieient to provide the necessary 
nitrogen. Jn the absence of carbohydrates, proteins are quickly broken 
down in order to obtain a supply of carbon jirimarily, and the excess 
of nitrogen is converted into ammonia. 

With reference to the products of animal metabolism, of which urea 
is typical, mention should be made of the en/.yme urease which converts 
urea by hydrolysis into ammonium carbonate, 

Nitrilieation is the |)roduetion of nitrates, either from ammonia or 
nilrit(‘s, by processes of oxidation. The e\|)erimcnts of Ischloesing and 
Muntz 1 in bS77 show(“(l that amnnniia was oxidiseil to nilratt* by 
passing through a long lube lilled with soil. No oxirlatioii oeeurrtd if 
the soil was first sterilised, which showed that the chemical change was 
brought about by micro-organisms. Winogradski -in ISIH) idc'Mtified and 
isolated specific liacleria which produced this nitrification, ami showed 
that the oxidation j>roee.eded in two stages. ( aeh of which was brought 
about liy different sjieeies. Tlius the tirst oxidation of ammonia to nitrite 
was the work of nitrons bacteria : 

(1) 2NFl3+302~2MN()2 I 21U() ; 

while tile second stage, nNsulting in the formation of nitrate, was caused 
by nitric bacteria (nitro-bacter) : 

(2) 2HNO, [ 0,-21IN()3. 

It would seem Hint nitrification depends upon a large mimber of 
factors, sneh as sup])ly of oxygen, water, basic imiteriais, mineral 
matter, etc. The imporlam*e of tlie amount and distribution of basic 
materials is due to the ncntralisation of organic and mineral a *ids pro- 
duced l)y bacteria, as, generally speaking, fa>’ourable conditions for both 
ammonifying and nitrifying organisms are only maintained if the soil 
is neutral or very slightly acid. 

It hasjjceii mentioned that a certain loss of eonibiiicd nitrogen in 
the soil occurs rtue to denitrifying organisms. Dcifd rilication is, the 
conversion of nitrates into nitrogen or oxides of nitrt^fcn, and the. 
bacteria liringing about these changes are chielly of the aerobic tyiVe, 

• * ’ • 

^ fSchJoosiiig and Miintz, C'ottqH. rend.y 1S77, 84 , 301 ; 85 , 1018; 1^78, 86 , 892*; 1879, 
89 , 891,1074. . A • 

2 Winogradski, AnmleJi Agrovoinique-^ publie.es sous ks auspices dn Miimtcre de 
V Agriculture et du Commerce, Paris, 1890, 16 , 273 ; Compt. rend., 1891, 113 , 89^. 



3|fenje^ insufffitent aei^tlou # theSbil wiif fofe inese pr^tiiswis 
their necessary oxygen from nitrates, wth tJie resultant loss of nitrogeh!;>“ 
Various kindsi’ of bacteria are able to bring about the changes represented ] 
by the following equations : — 

2llNj03-2llN02 f O2, 

HN03-NII3-I-202, 

41IN02-21I20H 2N2-}-()2. 

The mutual reaction of nitrites and ammonia or amino-d<Tivativ'Cs will 
also occur : 

NII4CI4 KNOa-Ng-fKCl } 2II2O ; 

and van Itersoji ^ has suggested that ecrtaiii bacteria arc capable of 
causing the oxidation of carbon compounds : 

5(H 4KN03-h2El2O-4iaiCO3+2N2 hCO 
3 C 4 - 4 KN() 3 + H2O-2KJICO34 2N2 f KoCOy. 



Tlie })revention of denitriilcation is of paramount importance in 
market gardens and greenhouses, but appears to be of little account in 
lield eiiltivation. 

I'here are certain micro-organisms whi(*h arc capable of reversing 
the ammonifying and nitrifying processes in order to utilise available 
uitrogen cojiqionnds for synthesising complex i)rotcin substances, which 
result in the withdrawal of nitrogen eompounds for plant uses.*^ 


PUEPAKATIOK OF NlTFOOEX.' 

As nitrogen is present in such large quantity in tlie atmosphere 
more than 4000 billion tons), it is not surj^rising to find that at the 
U’csent day a large proportion of the nitrogen used in manufactures 
s produced by the fractional evaporation of liquid air. A number of 
other metliods have been utilised for obtaining nitrogen from air, and 
it will be obvious tliat these methods Avill all produce “ atniospJicric 
nitrogen,” different from pure nitrogen in that it contains small amounts 
of argon and the other inert gases. Thus there arc two main sources of 
nitrogen : 

1. The atmosphere. 

2, Chcinical compounds. 

1. The metliods for obtaining uitrogen from the atmosphere may be 
physical or ehemical. 

(a) Physical Processes : 

(1) Liquefaction, — The first liquefaction of air by Linde in 1889 
was followed by other processes hy Hampson, Pictet, and Claude. Ir, 
England a comlnnation of these systems is used by wiiich liitrogen ol 
■ 99’ 5 per cent, purity is obtained.® 

> {2) Absofption in Charcoal, — Tlie greater absorption of oxygen by 

<; ^ van Ilcrson,'jfVoo. K. Akad. Wetenisch. Amsterdam, 1903, 5» 

4 JPor a detailed account of the orgaiiisius in tho soil, see Marsliall, Microbiology 
’'((^urctAUl 

the liquefaction of air and the separation of uitrogen from oxygen, see this sedeai^ 

VIL.^Partl. 



r;, ^qpQIxut cliarcoal, at low temperature« allov^a .«»i a partial separation 
^iiitrogen.^ 

, (8) Tramjmion.- -lyiitermt rates oi diffusion of oxygc?i and nitrogen 

; througli (;aoutehouc gives a rough scp^iratioii of these gases. ^ 

(6) Chemical- Processes : ^ « 

The absorption of oxygen by chemical ’means offers a large v^ariety 
of methods for prejiaring nitrogim. 

(1) Alkaline Pyrogatlol. — ^Air shaken with excess of alkaline pyro- 
gallol has its oxygen ra])idly and completely absorbed, and this experi- 
iiicut may be usixl to demonstrate the composition of air by volume. ' 

(2) Phosphorus." The formation of phos})horus oxides by passing- 
air over smouldering or burning })hosphorus results in a complete re- 
moval of oxygen. Lavoisier made use of this reaction to prove that 
nitrogen is a separate entity. 

(8) Copper . — The absorption of atmospheric oxygen by jmssing air 
oA'er heated copper, either as turnings® or finely divided metal, can be 
utilised for the isolation of nitrogen. Water- vapour and carbon dioxide ■. 
are previously removed by means of concentrated sulphuric acid and 
caustic })otash. A number of methods have been devised for the , 
absorjition of oxygen at ordinary temperatures by using copper in 
conjunction with a mixture of air and ammonia. Jjuptou^ proposed . 
using ammonia gas, while Berlhelot^ used acpieous ammonia, A ;■ 
modiiieation of this latter method consists in passing a mixture of air 
and " ammonia liquid” in equal volumes over coj)per chips. The so- 
called ammonia liquid is a saturated ammonium-carbonate solution, 
mixed with an equal volume of aqueous ammonia of sp. gr. 0-08. The; $ 
air-liquid juixtilre is completely deoxygenated after passing over the: 
copfier chi})s, and the residual nitrogen is freed ^rom excess of ammonia ;i 
by dilute sidphuric acid and then dried, 

(I ) Other Processes. — Reference should also be made to some of the f 
numerous other methods which liave been proposed for the preparation 'i 
of nitrogen by absorption of oxygen from air. 

(i) Reduced iron.® 

(ii) Platinum sponge® (air mixed with hydrogen). 

(hi) Sulphur burnt in a special furnace.’® 

(iv) Carbonaceous matter, such as coal or petroleum.^’ 

(v) Pused alkali cyanides,’® 

(vi) Mixture of alkali })lumbatc and manganatc (altem.itc air anu- 

steam).’® 

(vii) Coke-oven gases. 

As air is usually a constituent of the gas' sT derived^* 
from combustion, coke-oven distillation, etc., a number of i 

^ Sco Vol. Vli., Part. 1. * For reforonccs, set*, this series, Vol. V ll,, Pa!< It 

® Dumas and Mousingauli, Comj}t. rend., 1841, I2, 1005. 

* Cyanidb (Jcstdlsohatt, (terimn PaU.it, 218671 (1908). 

, ® liupttm, Che.m. News, 1876, 33, 90. 

“ Berthclot, B\dl. Soc. chim., 1870, [ii], 13, 314. 

’ Brunt, J. Anwr. Chem.. Soc., 1914, 36, 1448. 

« Silencer, JiJn^lish Patent, :i7r)2 (1869). * Dunioulin, Jahit sLer, ISSf. 32. ; 

Blag burn, English PateM, 25536 (1908) ; U.S. Patent, 993017 (MB 1). 

‘DHaiford, iVew-Zt .‘194657 (11)08). 

Heys, English Patent, 24413 (1910), 

f Kassnor, Oenmn Pakni, 233383 (1910); AreJk. Pharm., lOltl, 25, yjoi also tJUifl 
Parti., . V ■ ■ ’ ■ 
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patents Jiave been taken out for the [)reparation of nitrogen 
froin^tliesr gases. A mixture of copper and coj)per oxide is 
generally used, the former to remove oxygen, and the latter 
to convert any carbon , monoxide into carbon dioxidt', and 
. also to remo\'e any^ traces of Jiydrogen. ^ Some of the pro- 
cesses involve the 'addition of small quantities of redinung 
gases to pre\'ent comjjkde oxidation of the cop])er, and thus 
saA c tlic extra cost of subsequent reduction of co[)j)er oxide. 
The nitrogen is fnrd from carbon dioxide by absorption of the 
latter in caustic soda. 

(viii) Hydrogen. 

Th(* burning of electrolytic hydrog(‘n is the princi|)le of 
the ( asale process “ for removing atmospJieric oxygen, and 
the nitrogen, after purification, is used for the maniifaeture of 
synt hetic ammonia. 

‘2. Chemical Compounds : 

Ammonium nitrit(s Nll^XOg, readily de<*ojnposes into nitrogen and 
water when its solution is gently heated : 

NII^XO, rNa [ 

Actually, in practice, it is found more convenient (o warm a solution 
of sodium Jiitrite with one of ammonium chloride or sulphate, when 
the ammonium nitrite, formed l)y double (le(!ompositioji, (heo'mposes 
as above. 0^e^heating should be a\()i(led, otherwise turbulent ebulli- 
tion occurs. Equal parts of sodium nitrite and animoniuin sulphate 
dissohed in 5 j>arts of water and heated will give a stream of nitrogen 
which can be purilied by passing through a dilute solution of sul[)hurie 
acid (to absorb ammonia) and then over heated eopper (to remove 
oxides of nitrogen and oxygen). Ihiriticalion can also b(' effected by 
j)assing the gas through a saturated solution of potassium biehronnite 
(5 vols.) and concentrated sulphuric acid (1 vol.).*^ 

The decom[)osition by heat of ammonium bichromate is a convenient 
method for obtaining nitrogen, 

( XI I j ).2C r 2O7 — C r 0O3 2 1 ^ 2^^* 

As this reaction may be ratluT violent, a modification is adopted by 
heating a mixture of potassium bichromate and ammoniuni chloride 
in a retort, wlicji the ammonium bielu'omate is formed by double 
decomposition. « 

AltcMiatively, a concentrated solution of sodium nitrile is run slowly 
into a mfxture of a solution saturated both with ammonium chloride and 
potassium diehromate. TJiis solution is Jicatcd, and the gas evolved is 
washed (rt) with dilute sulphuric acid, (b) with ferrous suipliate solution, 
and is then passed o^ er (e) heated copper. The gas is diied by phos- 
phorus pentoxide and then passed through a spiral cooled^by liquid 
air. ' It is llicyi frozen by liquid oxygen under re(luced*pressure and the 
solid nitrogen allowed to melt. TIk; first Jractions boiling from this 
are pure nitrogen, and this portion was used in tlie determination of 
|jliysi«al constauts by Onnes and v. Urk (see p. 31). 

• 

^ Blworthy, EmjlUh Patent, 10581 (1000); ( ■andi;i and Murlini, Pn ndt Patent, 387784 
1008). 

* 8ee pr 213. 


® Knorre, Chem. Ind., ot 
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NITROGEN. 

JJeconiposition.of ammonium nitrate occurs Vheii it is heated witji , 
glycerol, ^dviug an aknost quaiititativ'c yield of nitrogen. It would 
seem that nitrous oxide (from the ammonium iiitratej^is completely 
reduedd by the glycerol, the latter b(;ing conve rted into glyceric acid. 
Thus : 

hC.iuo, ^ 2 X 3 hcyi^o^ 1 511 A 

In the laboratory 10 grams of anmioniuni nitrate arc dissolved in 
20 grams of glycerol, to winch 3 drops of concentrated sulphuric acid 
have been added. Nitrogen begins to come off at 100" (\, and at 105' C. 
a steady stream is obtained. It is not advisable to raise I la* temp('rature 
abov e 170° C. Traces of carbon dioxide arc removed by jjassing through 
alkali, and moisture and minute amounts of pyridim? bases by concen- 
trated suljduirie aeid.^ 

Pure nitrogen may be obtained by the action of clilorine gas uj)on 
ammonia : 

8NH3 d m 2 - 6NH4C1 + N 2- 

A coneentrated ammonia solution (sp. gr. 0*88) is ])lace<l in a tri|)le- 
neeked Woulfe’s bottle and chlorine is led in from a separate generator. 
An open glass tube passes down into the liquid through the centre m.-ck, 
and a delivery tube; from the third tubulure carries off llie nitrogen 
which may be collected ov(T water. Ammonia must always be kept 
in excess in order to j)revent the formation of explosive nitroge n Iri- 
chloride, NX’bj. 

A con\(‘nient lal)oratory method for preparing nitroge n consists in 
the decomposition of concentrated ammonia solution with a thin paste 
of bleaching [jowder, which latter is added slowly. On farming the 
mixture a copious su|>ply of nitrog('ii Is obtained, in accordance with 
the equatioii 

8(.d(OCl)of'lNll3-8Cat'l2-i- 2X34-011^ 

llypobroniites (bromine and caustic soda) may be used simi.’arly to 
decom[)ose ammonia : 

8XaOIh- 1 2XJl3--8XaBr 1 Ng 1 yil^O. 

llypobroniites and urea (01 other acid amides) react to give a mixlure 
of nit rogen and earlion dioxide : 

yXbdllh- ! CO(XlJ2)2-73XaJ3r fN2H^^ 

This quantitative reaction is used as a standard method for t:li<, estima- 
tion of urea. • 

Pure nitrogiai is obtained wlicn a mixture of nitric oxhle (or nitrous 
oxide) and ammonia is }>assed over heated copper gauze or platinise i 
asbestos.^ The nitric oxide (from nitric acid and copper turnings)* is 
passed through strong ammonia solution, and the mixed gases led tliroiigh 
a heated combustion tube containing either rolls of cop[)er gauze or 
platinised asbestos. Purification is effected by passing tl!^' gas succes- 
sively tlirough dilute sulphuric acid, fused caustic potash, concentrated 
sulphuric acid, and iiually red-hot copj)cr gauze. 

^ Mai, Jkr„ 1901, 34, 3805. 

^ Baly and Jionnan, Tram. Cham. 8W., 1902, 81, UOIf. 

* Baxter and Jlickly, J, Amer. Cftem. Soc.^ UK)5, 33, 300. 



THE ^PHYSICAL PROPERTIES OF NITROGEN. 

General. — Nitrogen is a colourless, odourless, and tasteless gas 
wjiich is non-poisonous, but does* not support life. It neither burns in . 
the. ordinary way nor supports the combustion of carbon compounds. 

It is not inert, hoAvcver, like argon, and when once in a state of chemical 
combination is extremely active. ' 

Density. -Prior to 1898 the determinations of the weight of 1 litre of 
the gas under standard conditions gavT values varying between 0 071 3 
and 0-9729, when the weight of 1 litre of air was taken as unity. These 
values, however, referred to atmospheric nitrogen, which of course 
contained the inert gases of Group 0, and Rayleigh’s ^ later deter- 
minations resulted in the value 0-97209 (air— 1). For nitrogen 
obtained by chemical processes Rayleigh found the value of 
J-90737, the weight of 1 litre being 1-25092 grams at N.T.P., while 
:he corresponding results of Leduc^ arc 0-9671 (air=l) and 1-2507 
gram resi)ectiATly. 

More recently, Moles,® as the weighted mean of a large number of 
determinations, calculates the weight of 1 litre of nitrogen at N.T.P. 
(latitude 45'*) as 1-2507 ±0-0001 gram. 

W ith reference to oxygen ( =16-000 ), the density of ni trogen is 1 4-008, 
and to water at 4° C. the density is 0-0012507. 

Compressibility. — The deviation of nitrogen from Royle’s law at 
various temperatures is seen from the subjoined table. Under rela- 
tively low pressures the molecular-attraction effect causes the gas to : 
be more compressible, with the result that the product pc decreases in 
value. As is the case with most other gases, however, the molecular- 
volume effect soon shows its inlluence, and the value of pv increases 
with the pressure; the gas is less compressible on account of the fact 
that the molecules now occupy an appreciable fraction of tlie total 
volume (see table, p. 29). 

The graphical relationship between p and pv shows how, at 0^^ (\, 
the latter diminishes at first with rise of pressure, and, after reaching 
a minimum, increases again throughout with rise of jjressurc. As is 
usual, the isotherms at higher temperatures show a })rogrt-ssive shift 
of the minimum towards the region of lower pressures, and hnally the 
minimum disappears (see lig. 6). 

■ Tlic limiting value of pv for nitrogen at zero pressure and 0^ C., and 
the molecular weight from the ideal densities under these conditions, 
may boealculated as follows : — 

The*value of pv for nitrogen increases with decrease of pressure 
from 1 atmosphere to zero, which also occurs with most other ga^es, 
with the exception of hydrogen. 

' The coefficient a— ~ — — 0-00056 for nitrogen. 

pv dp • 

The corresponding value for oxygen is —0-00094, and by using 
^^yleigh’s values^ for the densities under normal conditions, the molec- 

^ JJaylcigh, l^rac. Uoy. Soc., 1898, 62, 209. 

. Oompt. rend., 1898, 126, 413. , v < 

± JVIoldS, J. Chim. 1922, 19, 283 ; 1924, 21, 10. 8eo also tho results of phymaU 
deteminatioas of attmiic weights, p. 57. 

; ^ Riiyleigh, Phil, Trans., 1905, 204, 351. 



wMght of XI*, , uycii IS given by 82 > 


1 10585 1 000094 

where 32 —molecular weight of oxygen. * > 

The corresponding value calculat(‘d by I), llti thclot ^ from thi^ results 
of Ledue and Sacerdote '^ is 28-013. * 


RELATION BETWEEN PRESSURE AND VOLUME 
OF NITROGEN. 


(Amagat, 1893.) ® 


PrcMSure in Atm. 

JO) at 0*^ 0. 

pv at 16 0:V’ C. 

pv at 90- 4 5 U. 

pv at 199-5^ 0. 

1 

1-0000 




100 

0-9910 

1-0620 



200 

1-0390 

1-1145 

1-4890 

1-9065 

300 

1-1360 

1-2105 

1-5905 

2-0145 

400 

1-2,570 

1-3290 

1-7060 

2-1325 

500 

1-3900 

1-4590 

1-8275 

2-2570 

600 

1-5260 

1-5945 

1-9545 

2-3840 

700 

1-6615 

1-7290 

2-0805 

2-5125 

800 

1-7980 

1 -8655 

2-2200 

2-6400 

900 

1 -9340 

2-0015 

2-3540 

2-7715 

1000 

2-0685 

2-1360 



1500 

2-7202 




2000 

3-3270 

3-3980 « 



2500 

3-9200 




3000 

4-4970 

4-5675 ^ 




Variations of pv and p with Temperature. — The variations of pv 

pv 

witli p at one temperature and the variations of the function ^ at 

different temperatures have been investigated recently in the Lcideti,* 
Laboratory and critically compared with the results of other workers.® 
The results are best expressed in terms of a power series in which ' 
v~'^, v~^ are multiplied by eoetlicients A, B, etc., derived from the 
experimental results. Graphically the pv values may be plotted against^?' 
the densities. If the unit of volume is that at 0° C. undf 1 atmosplici 
and (p?’)o Ihe value of their product under these normal iditions, t 
deviations with change of volume are as follows : — 


At C,- 


/ ^ \ 0-40996 X 10-3 2 06550 X 10* 8n 

(jw) =(pi.)„==i-o,)4ip - — + : ^ --j , 


OniK'fj and V. Ur 


- ^ ^ inn../', 0 a 3380 xl 0 -* 2 -C 4618 X 10 *V 

+ - — j; 




' Bcrth(jlot, Com Jit, rt'nd.^ 1898. i;'6, 954. 

Lcduc arid Sacerdok', ibid., 1897, 125, 297. 

“ Amagat, Ann. Vhim. Phtju., 1893, [vij, 29, 68. 

® Ontics and v. Urk, Comm. Phys. btb. Leiden^ No. 169, 
? Hoi born- Otk), Zeitsch. Physik^ 1922, 10, 367. 


‘ At 16 0"i.\ 







ntre are given at tJie lowest pressures investigated at eacli«iternperatfire. 
ror the full results tlie original memoir must he consulted.^ 



'* 

-- - • - ■ 

-■ • 

"‘ij ‘ ' 

‘I\ 

('’ A1)h.). 

P 

(Atm.). 

<'■ . 

P>\ 

!jd'f m-27:j-(){>).' 


. _ _ 

— — . _ . . 

j 

• •_ ♦ 

29;h0t) 

35-8 1 

33-50 

1-0080 

0-0030 1 1 

27;h09 

33 -M 

33-52 

0-0880 

0-003020 

25017 

33-14 

37-13 

0-8025 

0-003578 

222 S.3 

31-08 

4()-83 

0-7833 

0003515 • 

1010!) 

30-17 

10-31 

0-05 If) 

0-0033!) 1 

170-81 

28-54 

51-185 

! 0-5575 

0-003203 

151-00 

20-03 

50-05 

0-4075 

0-003077 

ltd -72 

25-20 

00-075 

0-4108 

0-002033 

101 *-10 

23-70 

05-70 

0-3018 

0-002750 

128-08 

23-20 

07-15 

0-3 155 

0-002085 

120-77 

22-02 

08-02 

0-3310 

0-002034 

121-51 

27-03 

100-00 

0-2038 

0-002118 


The next tnble gives (he eliange of pv with temperalun* al a single 
density oi 00 (s{*o laide above ) between the temperainre ranm’ of ]*J0-f7‘’ 


C^AIja.). 

/n\ 

r---- 

120-77 

0-3335 

23-01 

128-03 

0-3127 

23-05 

131-10 

0-3500 

24-01 

141-72 

01010 

27-02 

151-00 

0-1508 

31 10 

170-81 

0-5308 

37-0 1 

101-00 

0-0303 

13-40 

222-83 

0-7011 

52-71 

250-17 

0-8801 

00-75 

273-00 

0-0810 

07-73 

2!)3-00 

1-0070 > 

73-02 i 

■ — - - ■ — 

- ■ - ' 

j 


Between T-Sr" and abs., and -KJO and l.‘j2() 
values are given by tlie equation ^ 


imnV, the jn) 


The 


2)v - 0 ■ 2777 IT - (() 0;12()2 - 0-()00255T ) p, 

(WeHicicjil. of ox|)iin,sion iil, coiislaiit prossuro tt„, and tli.' 


('(IicK-nt of tonsioM at coiistaiil, voliitiic a„, have Ifeeii d<‘tei-miiK‘<|.bv a 
miinherol investigalors midcr different pressures lietweeiro ’ and 100" G. 
the eoellieiejit at eonstaut voIuuk- is luimeriealiv the saiueais the 
eoed.e.cut of tension. Tliese t-vo values t nd to aVoipnion lini^t foi^ 


‘ OiiJKvs ajid V. Urlv, hr. cU. 

y l^'sUlineycr and Valentiner, fJn{dr:.s Anmihn, 15, (jO. 



utcreases iridefinitHy^ 

jwf equality of the coellideiits only o<!cui-s at very low prmures.- . w 
ft The follo\jing table gives some typical values for these coefficients’ 
between 0° and 1 00° C. : - 



, THERMAL EXPANS.ION OF GASEOUS NITROGEN. 


CVxifficients of Tension. 


rressun.' 
at 0 “ C. ini 
..?in 8 . of Hg. 


100 - 2 () 


79-35 

53-30 

52-90 

39-20 

98-50 

74-40 

5500 

31-40 

110-50 

51-10 

2200 

05-40 


% 


Author. 


00030744 


(liappuis, 7Vfl/’. 
H Mbn. du 
Bureau intern. 
de.8 Pauls ef 


Mes., 1903, 13 . 
190. 


00036718^ 
0-0030685 [ 
00030681 j 
0-0036677] 
0-0036730^ 
0-0036700 I 
0-0036680 r 
0-0036650 j 
0-0036752^ 
0-0()36675 [ 
0-0036626 j 
0-0036096] 


Chappuis and 
Harker, ihid., 
1902, 12 , 65. 

Day and Clc* 
inent, Aimr. J. 
Sci, 1908, 26 , 
105. 

Henning and 
House, Zeilsch. 
2>hysikal. Chew.y 
1921, 5 , 28.5. 


Coefficients of Kxpansioii. 

Pressure 
at 0'^ C. in 
cni.s. of Ifg. 

0 ” 100 ° c. 

Authcr. 

138-70 
KM)- 20 

0-00367771 

0-0030731/ 

r'happiiis, lac. 
cit. 

79-20 

41-5 

0-003G701 1 
0-0036658 / 

Knmorfopoulos. 

110-50 

51-10 

22-0 



0-0036742 ) 
0-0030679 \ 
0-0036630 j 

Henning and 
Ht'use, he. cil, 

\ 


The coefficient of expansion under liinitini:^ conditions of low 
density and large volume is derived from the actual coefficient under 
■^ordinary conditions, combined with a knowledge of the deviation of 
the actual pv from the absolute {pv)x under the limiting conditions 
(see pp. 28 and 58, and this series, Vol. I.). Thus, if ua is this absolute 
coefficient, it defines the absolute temperature as given by the nitrogen 

^thermometer, (since and the value of as given by the 


^ equation 


(pv)j, at 0" 

[(pj:;)AatVjxl00 


The values of a\ derived from the coefficients of tension, (sec 
table abo\T), are found to vary between 0-0080508 and 0*0080628, 
,^hilc .those derived from the coefficients of expansion, a,„, vary between 
^€■0080005 and 0*0030021.^ , ^ 

Specific Heats. - The mean specifie licaD of pure nitrogen at eon-* 
^tant pressure (1 atm.) have been determined at various temperatures 
given In the following table. ^ 

i;. . ^ Oneies and v. Ih-k, Comm. Phys. Uth. Leiden, No, 169 . 

* Holborn and AuHtin, SUzvntjslm. K. AM. Wiss. Berlin, 1905, p. 175; Holboni. and:] 
ftfefling, ytnw. 1905, 18 , 739 ; 1907, 23 , 809. ' ' 


neat at constant pws.surS, G^j—Sfc, 

SPECIFIC AND MOLAR HEATS OF GASEOUi 
NITROGEN AT CONSTANT PRFSSURE. 


rf!. 


C-i, (Molar). 

0 

0*2491 

6-98 

100 

0-2501 

7-01 

200 

0-2510 

7-03 

300 

0-2520 

7-06 

400 

0-2.529 

709 

.500 

0-2539 

7-11 

000 

0-2548 

7-14 

700 

0-2558 

7-17 

800 

0-2507 

719 

900 

0-2577 

7-22 

1000 

0-2586 

7-25 

1100 

0-2590 

7-27 

1200 

0-2005 

7-30 

1300 

0-2615 

7-33 

1400 

0-2624 

7-85 


The value of Cp is given by the equation 

Cp---{)-24.91 400000095^. 

Ill the next tabic are given the molecular specific heats at constant 
volume and the ratio ^--4 


MOLAR HEATS OF GASEOUS NITROGEN AT CONSTANT 
VOLUME, AND RATIO OF THE SPECIFIC HEATS. 


C. 

Cv. 

Cp 

C'fj 

0 

• 4-800 

1*408 

100 

4-926 

1*404 

200 

4*968 

1*400 

800 

5014 

1*396 

400 

5*066 

1*892 

500 

5*104 

1'889 

600 

5*143 

1*886 

700 

5*184 

1*883 

800 

5*238 

1*879 

900 

5*280 

1*376 

1000 

5-308 

1*374 


1 I)^oft, Campbell, and Parker, Proc. Rtfy, »5?oc,, 1921, Aftw, 1. 






tKe gas at 6° C. is 6*6o665^SOi^ at 4!55®!€; 


is 0*00()0500,2 and at 100° t\ is 0 0000718.3 • • 

Viscosity. — TJic viscosity, of nitrogen' is lower than that of 
oxygen, and tlunTforc lower tlian that of air. The variations of vis- 
cosity with tein[>eratnre in the ease of nitrog(‘ii and air can lx* ealenlated 
ironj the''’lornnila of Sutherland : 


7jT==r)o- 


'+S3 

h| 


vs 


in which C --110 for nitrogen and 111 for air. 

According to C. J. Smith,'* the viscosity of air as experimentally 
determined at 15° (\ is 1'709 x 10"^ while tlu' values for rjitrogen are : , 



0" ( '. 

16 C. 

100 ’ V . 

1JX10« 

1*005 

1*737 

2*118 


The interpolated value at 23° C. is 1-773X10"’, while the ex|)eri- 
niental value obtained by Yen ^ is 1*7005x10“'*. 

Refractivity. — The refractive in(l(‘x of nitrogen for sodium light 
is, according to Maseart, 1 *0002973,** and according to Ramsay and 
Travers, 1*0002971.'* Tliese ^’alues refer to standard demsity. The 
constants in Cauchy’s formula, 


are A “29*00 and R“7*7, where h and A represent the refractive index 
and wave-length respectively.^ 

Spectra. — 'I’lie emission spectrum of nitrogen has been the subject 
of much investigation. Roth the kathode and anode s])ectra (Geissler 
tube) cotisist of characteristic chaTiiiels. llcslaiidres ® identified three 
groups of lines and bands which were shar])ly distiugnished under strong 
dispersion. The first group was in tlie visible si>eetriim (A7000— 5000), 
the second gronj) partly in the visible and partly in tJu* ultra-\iolct 
(A5000— 2800), and the third group wholly in the ultra-violet 
(A2800— 2000), lleslandres attributed the third group to au oxide 
of nitrogen, as this group disappeared if every trace of oxygen was re- 
moved by sodiiinu The second group was tlic most intense, and the 
bands at A3579 and A3372 were eorisidered eh araet eristic of nitrogen. 

^ K\/cken, Phydkal. Zeilsch., IJIl.*}, 14, .‘124; ^V\*bf•l*, Ann. Phumk^ 19J7, |4], :)4, 437. 

2 I'ccld, Proc. Roy. Hoc., 1010, A83, 19. 

^ Euckiai, Phyaikal. Zvitsch., 1911, I2, 1101. 

* C. J. Smith, Proc. Phys. Hoc., 1922, 34, H)2; liankine and Smith, Phil. Mag., 1921, 
[CJ, 42, (UI. 

5. Yen, ibid., 1919, 38, 693. 

* Maseart, Compt. revd., 1878, 86, 321, 1182. 

' Ramsay and Travers, Zeitach. 'phyaikal. Chem., 18t8, 25, 100. 

* Mfire recent values arc;— 

. t AtA==()503 r>46l 4801 AU. 

, («-l) 10«-298-l6 299-77 .‘101 *21 

u. ai\d M, Cuthbertson, Proc. Roy. Hoc., 1909, 83 [A], 162. 

^ ReSlandres, Compt. rend., 188.6, loi, 1260 ; ibid,, 1880, 103, 376 ; Chnn. Newa, 1880. 

54 , 100 , 



'■ ' .*■ ■' • -V . V. -fi' 

f. According to Trowbridge and Richards,^ tlie channelled spectrum- 
prdduced by a powerful continuous discharge is <‘haiigcd to the bright’ 
line spcctruin by the introduction of a. condenser. Fo\vlcr*Mnd Strutt 
found that the line spectrum was characterised b> a I right green line 
at ASlO t, which is followed by green bands towards tiic more rcfrangihly 
parts of the spectrum. These tw'o bands areiictwTcn Afjl I - AH9i> and 
Ai m- All 70. 

Solubility. -There are three ways of cx|)rcssing the relationship of 
solubility by volume bctwceu gases and liquids. 

(1) AhsorpHon- coefficient ^ (Bunsen) is iiie volume of gas, reduced* 
to N.T.P., whieli is absorbed by unit volume of liquid, when the jiressure 
of the gas is 7G0 mm. without the vapour tension of the liquid. 

(2) Solubility P' is the volume of gas, reduced to N.T.P., which is 
absorbed by unit volume of liquid, when the total j)ressure is 700 mm. 
(i.r. including tlie vapour tension of the liquid), 


^ 700 


where I" vapour tension of liipiid at the temperature of the experiment. 

(aj Soliihility coefficient I (Ostwald) is the volume of gas dissolvial by 
unit volume of liijuid at the temperature and pressure of the experiment. 
It is not reduced to N.T.P. Ileuee, if the measurements are mM^le at 
utrnosfdieric ])ressure, 

/ -j8(H-0*00307/). 

The following table gives the solubility of nitrogen in wab'r in terms 
of the absorption codlieient j3 : — 


SOLUBILITY OF NITROGEN IN WATER. 



AtuKHplicric Nitrogen. 

Argori-freo Nifr< gen. 

Temp. (!. 

Will tier. ^ 

Fox." 

Winkler.^ 

Fo.v. 

0 

002351 

0-02350 

002312 

0-02319 

10 

0*01801 

0*0189.5 

0-01829 

U01803 

20 

001545 

0*01598 

0-01518 

0-0i572 

00 

001042 • 

0*01398 

0-01319 

0-01375 

40 

001184 

0-01252 

0-01104 

001‘^?i3 

50 

0-01088 

0*01133 

0-01071 

0*01160 


1 Trowbridge and Jlichards, K Auicr. Cheju. Soe,, 1897, [4], 3, 117 ; Phil Mag., 1897, 
43, 18.5, • 

^ Fowler and Strutt Proc. Ihi/. Sac., 1911, A85, 371. also Pliicker and JTittcjrrf, 
Phil Trans., 1865, 155, 1; Schu.ster, Proc. Roy. Soc., 1872, 20, 485; ^liigstroin and.^ 
ThaFn, Nova Acta Soc, (Jpsala, 1875, [3|, 9; Hossedberg, Mem. Acad. St Petcr.'>burg, 1885* 
t7]» 32, No. 15; Seguy, Compt. rend., 1895, 121, 198; Suiulell, Phil Ma§., 1887, [5f, ^4, : 
98; Nasini and Anderlini, Atti R. Accad. Lined, 1994, [5], 13, II, 59~6C ; llruhl, Zeitscfi. . 
physihil Ohem,, 1895, 16, 193, 225; Per., 1893, 26, 806, 2508; ibid., 1805, 28, 2388,^393. ' 

: » Winkler, Per., 1891, 24, 3602. 

* Fox, Trans. Faraday Soc,, 1909, 3, 68. 
si f /® Winkler’s values for atmospherio nitrogen calculated by Fox, toe. cit. 




lWi5’^22‘908 -0-5298H 0 00919r>/2l o 00006779f3 


^which is^ obtained by allowing for 1*185 per cent, argon. 

The Bate of Solution 6f Nitrogen in Water.- and his col- 
laborators have investigated the rates of absorption of nitrogen, oxygen, 
and air by water under gentle agitation. Some account of this work 
is given in Vol. VII., p. 37. The results arc summarised by the formula 


re = ( 1 00 ~w ^ )^1 ~~e V 


where initial percentage saturation capacity for nitrogen, 

zci —amount dissolved after a given time B. 

6 =^Napierian logarithmic base. 

/=0*0103 (T -240). 

A =area of water exposed to the gas. 

V —volume of water. 

As in the case of oxygen, the solubility of nitrogen in sea- water 
decreases with increasing chlorine content. The calculated formula 
expressing these results is : 

1000 -.=18*630 -0•4304^-f-0•007453^2-0•0000549/3 

~-CI(0*2172' -0*0071 87/ H-0*0000952<2), 

the chlorine being expressed as grams per litre. 


SOLUBILITY OF NITROGEN CONTAINING ARGON IN 
SEA-WATER FROM A FREE, DRY ATMOSPHERE AT 
760 mm. 

(Fox, 1909.) 1 


Parts of 



T (! inperature , C . 









Chlorine 







per 1000 . 

0 

4 

8 

12 

16 . 

20 

0 

18*64 

17*02 

15 ^' 

14*45 

13*45 

12*59 

4 

17*74 

16*27 

14*98 

13*88 

12*94 

12*15 

8 

16*90 


14*82 

18*30 

12 * 4 ^t 

11*70 

i 12 

16 * 0 ^ 

ffi *75 

18*66 

12^72 - 

11*93 

11*25 

16 


14*00 

13*00 i 

12*15 

11*78 

10*81 

20 

* c C ,;j 

— f 


13*27 

12*34 

11*57 

10*92 

10*34 


1909, 5 , 68 . v 

* Adeney aSpfeoker, Set. Proc. Hoy. Dull, Soc., 1918, 15 , !Jo. 31 ; 1919, 1S» Ml 
i^eney, 1923, 45, 830. " M 




f g’l"he s 61 ul)iljty of nitrogen m aqueous sgilutiors of sulphuric acid is 
tven in the next table. 

SOLUBILITY OF NITROGEN IN AQUEOUS SOLUTIONS 
OF SULPHURIC ACID. 


(Bohr.) ^ (Christoff.) ^ 


Normality of 
Aqueous 112804 . 

A})Sor[)tiou (Joeilioicut 
;3at2rO. 


J‘tjr cent. 
112804 . 

■ /at20V\ 

0 

{)()156 


0 

OOluiJTO 

4-9 

()-0091 


35-82 

0-008447 

8-9 

0-()072 


0162 

0006144 

10-7 

0-0066 


95-60 

0016720 

20*3 

0 0049 




24*8 

00048 




29-6 

0-0051 




34-3 

0-0110 




35-8 

1. 

00129 





'[’he soiubility of nitrogen in aqueous solutions of barium and sodium 
chlorides is as follows : — 

SOLUBILITY OF NITROGEN IN AQUEOUS SALT 
SOLUTIONS. 


(Braun.) 


1 ein{)cr{vt\iro, | 
0 . ! 

Cia-lliciont of iVbsorpUim in Barium Cliloricto 8 olufi.u's. 

13-83 p'r 
(vnt. 

j ll-92])C'r 

(>-9 pu* 
cent. 

3-87 pi- 
ce nt. 

3-33 pr 
cent. 

5 

0-0127 

0-0137 

0-0160 

0-0180 

0-0183 

10 

0-0117 

0-0125 

0-0147 

0-0166 

0-0168 

15 

0-0104 

0-0114 

0-0132 

0-0148 

0-0150 

20 

0-0092 

0-0098 

0-0118 

0-0132 

<>■0185 

25 

0-0078 

0;008G 

0-0104 

O-Olli 

<»-0T19 


j Coellieicnt of Absiirption in Sodium Cliloiido Solutions. 


11-73 pt-r 
cent. 

8-14 per 
cent. 

O r pr 
(.uiit. 

212 per ' 
cent. 

0-67 pc 1. 

cent. ' 

5 \ 

0-0102 

0-0127 

0-0138 

0-0179 

0-0200 

10 

0-0f98 

0-0113 

0-0126 

0-0164 

00183. 

: 15 

0 0081 

0-0101 

0-0113 

0-0147 ’ 

0-0164 4. 

. 20 

0-0066 

0-0087 

0*0098 

0-0131 

0-0148 ■;'! 

25 

0-0047 

0-0075 

0-0083 

00118 • 

ooi3o- 

• 

-r- ' . - . 1 


Zeil^ch. p/iyaikal. Cltcm,^ 1910, 71 , 49, - 

>6^., l9Cg, 55, <122. - * Braun, ibid., 1900, 33 , 7^1 



The following table gives the solubility ot lutrogpii in ethyl alcohoh 
at various temperatures : — 


SOLUBILITY OF NITROGEN IN ALCOHOL. 
(Bunsen.) ^ 


'IViujif-rature, C. 

(• 

5 

10 

15 

• 20 

24 

Absorption eoellieient 

0-1 203 

01 2 11 

01228 

0*1211 

()-120l 

0*1198 


The solubility of nitrogen in mixtures of ethyl alcohol and water is 
given by Just.^ 


SOLUBILITY OF NITROGEN IN AQUEOUS ETHYL 
ALCOHOL.2 


Per cent. Alcohol. 

0 

20 

33 

99-8 

Solubility product Lg 

0*01031 

0*01530 

0*01719 1 

0*1132 


The solubility of nitrogen in natural petroleum is of the same 
order as that in alcohol; the absorption eoellieient at 10’ C. is 0-K35 
and at 20“ C. is 0-117. 

Nitrogen is much less soluble in axpieous solutions of glycerol^ and 
in aqueous solutions ot sugars ^ than in water. 

Liquid Nithooicn. 

Cailletet lirst li(pKTied nitrogen by compressing it to 200 atmo- 
spheres and allowing it to expand rapidly. Liquid nitrogen is colour- 
less, with a refractive index of 1-205J3.^ 

The critical data of nitrogen, according to <iifferent investigators, 
is given in the following table: — 


CRITICAL CONSTANTS OF NITROGEN. 


Critical 

rcjujK^raturc. 

Critical 

JVe.sjiiirc. 

Critical 

Density. 

~M0 

35*00 


-110*25 

32*29 

0-31500 

0-32090 

-117*13 

.33-19 

0*31090 

-111*7 

33*05 

* * 


Autlinrity. 

Ols/ewski, Compt. rend., 188 1, 98, Oi l. 
VVi'oWcwski, ibid., 1885, 100 , 070; 
188(J, I02, 1010. 

lla\)iKA, Physikal. Zeitscli., 1902, 8, 201. 
Dewar, Proc. Roy, Soc., 1901, 73 , 251. 
Mathias, Crominclin, and Onnes, Comm, 
Phys, Lab, Leiden, 1911, No. 145c. 
Cardoso, J, Chini, phys., 1415, 13 , 312. 


^ Ounsfii, ^kiSomdrischc. Md/wden, 1877, 2nd Kdn., and Abhuitdluwj, Eiigolmann 
fLi-ipzig, 1904). \ 

tlust, ZeiUdt, phifHkal. (Jhem., M.lOl, 37, 301. 

^•(jlnVwasz; and \Valfi.ss!,.{6/{/., 1887, i, 70. 

* ^Iruoker and Moles, //;«/. M 010, 75, 40.5 ; Muller, ibid., 1912, 8l, 490 ; voii Harnmel, 

161^,1915,90,121. \ 

* Dnickcr andMol6iJ, loUO. 75. 418 ; Hufner, HM.. 1900, 57> 018. 

* Cailletet, Compt. 09. ’ Dewar, Proc. Roy. Roc., 1910,^A83, iSf, 



The ifollowinj^ table gives the variatjoii of the boilmg-poirit ^6^ • 
nitrogen with tiic f>rcssnre : — 


VARIATION OF THE BOILINQ-POINT OF NITROGEN 
WITH THE PRESSURE. 


I'rt'.ssure, mrn. 

Absol'iO' B«iilin<^- 

Pressure, Atui. 

Absolute Boiling- 

(r.-Uh.)* 

]>r)iflt. 

((5‘oiumeliu.) “ 

|)runt>, 

1201) 

G4-51 

2*507 

8(3*2 1 

BGl-O 

71 -St 

7*;370 

PP*51 

5(>1 13 

7t'8;3 

21*82 

1 17*02 

700 

7781 

.*3;3*K» erit. pt. 

125*9(3 

9:3Sdj 

7P-18 


15PM 

81*21 


i 


Tlie enipirieal rornmla,^ giving the vapour pressures ot* liquid 
nitrogen at any teniperature l)etween - 20 S-.qG to - 1 C., maybe 

written as : 

log p - 5 l() (i l./r-l 1 ‘ 2 ‘;}<S 1 0 a 2 GUtflM -0 t>tH)^^^ 302 T 2 - 0 • 00 () 0010 !) 7 ;V^^ 
where T- / 1 27^3 OP. 

DENSITIES OF LIQUID NITROGEN AT VARIOUS 
TEMPERATURES.* 


re. 

Density of ld<|uid. 

Dc’usily of (ias. 

-118*08 

otint 

0*18020 

-1 49*75 

0- 4799 

0I(>B8(^ 

15;5(;5 

()*5;3:32 

0*11170 

1(31*20 

0 (3071 

00()987 

i7;3*7;i 

()(3922 

()*029(32 

182*51 

o*74;3;3 

0*01558 

-195*09 

0-804B 

0*00 490 

200();3 

0*82(35 

()0('278 

205* 45 

0*8499 

OOOIBO 

-208 -BO 

0*8(322 

0*00080 j 


These values may be eoi pared wilh those of earlier investigators '*• *** 


^ Catli, Vcrditi/ A kad. Iff/. mvcA. AmMcnlam^ 1918, 27» 553 ; Comut. Phys. ijth, Lt 
No. 152f^. • 

" (Vonum'liji, W'^dug Akad, WiU’Hftrh, AmdtrJam, 1914, 23, 874. 982; Comm. Pity'*. 
Lah. Leiden, No. 115^/. Tor curlier values, see Fi.selier and Alt, Drmliiti 1 90*2, 9, 

1148; Baly, Vhil. Mag., 1900,49,517. , 

® Mathias, Oromnieliri, and (hities, Com-m. Phijs. Lab. Leiden, No. 102. ^ ^ 

* Mathias, Onnos, and (^roiiinudiii, ibid., 1914, Nh>. 145t‘ ; /Vor. ]y. * '•«./ n.,t 1 . 

Amfderdam., 1015, 17. 957 ; Cotnpt. rand., 1915, 160, 239. 

“ WrobloAvski, ibid., 1880, 102, 1010. 

* Olszewski, Wied. Annnlen, 1837, 31, .58. 

? ...wi Kainsay, Tram, Oh'in. Soa.., 1808, 77, 1228. 



otheirspfrofii "Which the" fhllbvfthg dchsi tief 
lihave been selected:— 



i ■• f ■ 

t -210*5 -205 -200 -198*3 -195*5 -195*5 -190 -185 . -184 

<? 0*8792^ 0*8537 - 0*8309=® 0 8297 ®. 0*8103 “ 0*8042 ‘ 0*7874®® 0*7022 2 0*7570 2 


Ihc latent heats of evaporation (in calones per gram) arc given in the 
lollowing table : — * 


LATENT HEATS OF EVAPORATION OF LIQUID 
NITROGEN. 


rc.. . 

-M8-0S’ 

-148*61 

-119*75 

-l.M-BS 

-161*20 

-173-73 

-18‘2*;.1 

-195*09 

-300*03 

-305*45 

-208*36 

! T." . 

/vals. por 

125*01 

124*48 

12 . 1.34 

11 0*4 4 

lU-89 

99*36 

90-58 

78-00 

73-06 

67*61 

64*73 

gram . 

9*17 

11-40 

15*i)3 

22-96 

31*73 

39-63 

43*09 

4706 

•18*64 j 

5(1*. 52 

51-64 

1 


Tliese latent lieats may be represented by the formula 

/2^80-962(T,-T)---l*47242(T,-*T)2+()*on60C(T,-T)^ 

The spe<‘ilic heat® of liquid nitrogen at — 20()*4° C., and also at 
”209“ C., is 0*‘476, 

Surface Tension.-- -This was first determined at --190“ C. as S*5M 
dynes per while the variation with temperature is as J’ollows : — ^ 


fC. =-203 -193 -183 

y dyncs/cm. .= 10*53 8*27 (MO 


The change in the molar surface tension with the temperature is 
. given by 

r(VM)i==2-002(124*29- -T), 


M 

in which is tlie molar volume 

: ^ The temperature coeUlcicnt 2*002 is slightly below the mean value 
for normal liquids. The relation is rectilinear, as usual, up to a tem- 
perature a few degrees below the critical temperature ( 120 “ to 128“ 
,abs.). 

Solid Nitkogjkn. 

llyj’apid evaporation and cooling under reduced pressure, liquid 
nitrogewis converted into an iec-like solid,*' which melts at -210*5“ C. 
Under a pressure of 80 mni.^® 

Dewar, Proc. Roy. Roc., 1994, 73 , 251. 

2 Baly and Donnaii, Tram. (Jhem. Roc., 1902, 81 , 912. 

: ^.Ingiis and Coates, ibid., 1900, 89 , 880. 

* Mathias, t'ii!r>tnnielin, and Onnes, Comm. Phym. Lab. t p.idm, N<>. 102. 

, .® Eucken, Bet. iJeut. phynhil. Oca., 1910, 18 , 4; Keesoin and OniioH, Proc. K. Akad 
Wdmsiiih. Amatcrdam, 1916, x8, 1247. 

. • Gfunmacli, Ritzungaber. K. Akad, Wm. Berlin, 1006, p. 079. 

■ ’ Baly and Donnan, Trans. Chem. Roc., 1902, 81 , 907. 

• Comm. Phya. Lab. Leiden, 1925, 8 upi>l. 50 to Nos. 169-180. 

? Olszewski, Cotn^t. rend., 1885, loO, 979; Wroblowski, ibid,, 1886, 102 , 1010. 

Fischer and Alt, Drude]a Anmhn, 1902, 9 , 1148. 



— at V. is 1-0265, calculated aensity'’^f; 

-273'’ C. is l-iaTO.i . 

Nitrogen exists in two solid forms,® and the transition* temperature 
is abs., with a molecular heat of transformation oi 53*8 cals. ^ 

The atomic heat increases steadily* from 1-60 at 15-27"^ abs. 
5-16 at T--:55-26° abs.® 

The variation in the atomic heat with temperature leads to the 
conclusion that crystallised nitrogen is diatomic. 

The dielectric constants of the liquid, and also the solid form, have 
bccJiL determined. 

Crystalline Form. — The crystals which sej)aratc iroir. Hu; liipiid at, 
-210° C. were considered to belong to the cubic system.'’ This 0 }>inion 
was not, however, confirmed by an X-ra}'^ analysis of the solid at 253° C.® 
1'he matter was further tested by an observation of the solid in a cell 
with ])lanc*])arallel glass sides, by means of a ))olarisaiion microscope. 
The (-rystals were weakly doubly refracting, and therefore anistropic at 
the nielting-j)oint and down to —253° C. Nitrogen docs not appear to 
crystallise on the regular system.^ 

ACTIVE NITROGEN. 

History and Conditions of Formation. — When the electrical dis- 
charge is i)asscd through nitrogen at low pressures, a yellow glow is 
seen whicJi persists for a short time after the gas luis left the ri-gion of 
Ihe discharge. Although this ol)servation had been made sonic time 
before, it was left for Strutt in 1911® to examine thoroughly the 
physical properties of the afterglow and the chemical reactions of the 
active form, which differ widely from those o'* ordinary molecular 
nitrogen. 

The production of the glow is jiowerfully catalysed by the presence 
of small quantities, about 0-1 per cent., of Og, CO, COg, ‘"^Og, Clg, 
(TJ,i, and several other gases. Indeed there has been a considerable 
controversy as to whether it can be produced at idl in absolutely pure 
nitrogen. Strutt prepared his nitrogen by passing the commercial gas 
over liquid sodium-potassium alloy, or over sodium at about 300° C., 
and observed the; phenomena dcscrilied. Tiede and Domcki; ^ fomid 
that if oxygen is completely absent from the nitrogen, i.e. if it is derived 
from ])otassium or barium azide, there is no indication that t!\c active 
form is produced. Further work in collaboration seemed to show that 
a catalyst, such as traces #f the gases mentioned, must be present for 
the optimum activation, but that in certain forms of apparaf^is this 
may be induced in pure nitrogen.^® It may, however, be taken as an 
established fact that atmospheric nitrogen freed from oxygen by com- 
bustion with an excess of |>hosphorus docs not show the effect, nor was 

^ l^^cwar, Proc. Roy. Roc., 1904, 73, 251. 

'■* JiiUoken, Deut, physikal, Oes., 1910, 1 8, 4. 

* IvtTsom and Onnes, Comm. Vkys. hib. Lddcn, No. 149. 

Eboi-t and Kcpsoni, ibiil.. No. 182. 

Wald, Proc. Roy. Rifc., 1912, 87, [Al, 871 ; ibid., 1918, 88, jiAj, oj. 

“ Smedt and Keeaoin, Comm. .PUyv, Lab. Leiden, No. 178/1. 

“ V^orJandor and Keesoin, ibid., No. 182, 

« 8trult (now land Rayleigh), Proe. Roy. Roc., 1911, A85, 210. 

• :i’iedo and Domcke, Ber„ 1913, 46, 340, 4095. 

Mer and Spruit, Hid., 1914, 47, 2283. 



42 ^ NITKOGm 

it 6bs(*rvT(l by StiMitt in tlic ease of commercial nitroj^eii which had 
fccen ill contact with molten sodium for several lioiifs.* In this con- 
nection it nuTy be noted that altliou^di the ^low is ‘generally taken as 
the most important eviden(‘e that acti^•ation lias taken plaee, it’is not 
always a jieeessary eoneomitant of chemical activity.^ 

Preparation. The (bllbwinjf method of preparation is to a j^reat 
exti'iit (juoted from the desciijition by the ori^nnal invesli^nitor,-^ and 
iiis dia^Tarn was used in drawini>' the apparatus. 

('omnu'reial eoinpressed nitro<»(‘n, pr(‘pared by Ihi; reeliheation of 
licjuid air. is stored o\ er ivatiT in a ^^as-holder in which is hun*»' a |)er- 
forated metal laufket containing phosjihorns. Itefore use, the gas is 


Induction Coif 



«, iliM.hiijj'f liibi-. 

b, ohst'rvHtici) :hi(I ion Inin'. 

r, J'.il’*; lli/riijj.'-h uliirl) onsi s .in* ini jck'uiciI. 

(/, Vt'.'W) for '•oinlt-nsiUion. 

( /, 'n':')'- 


dried In* passing through an «»rdinary tube of phosjjhorus pentoxide. 
A stri ani of this nitrogen under low pressurp is passed through a tube 
f/, in wjiicli a s igorous jar discharge is maintained.'* Tlu' gas is then 
flrawn hy a powerful air-|>um|i into the vessel h, where it exhihits a 
brilliant yellow light, which may persist for se\'eral minutes. The 
light, w'lien analysed by the spectroscope, shows some, but not all, of 
the bands produced by nitrogen in a vacuum discharge. "J'hen' is also 
a bluish-violet light which is masked by the yellow, but which may bo 
seen by interposing a piece of blue glass. This light consists of tw'o 
sets of bands, the ^ and y series. Tlic bands w-er(^ new', but the y 
lmn|i?j an‘ produced when nitrous and nitric oxides are introduced into 
i Buysen llame. 

* hifnitK Trans. Cin m.. Sor., |!HS, 113, 200, 

^ Jiiul Jkr., Hil l, 47 , ‘"jUt ^ »Sinitt, Pror, Rmf. AV>r., tOl J, A85> 2()4. 

* A .spark grt]; of abuiit nix inclie.s is ojnuirofl. 
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— ^ V mm uiu(! ^riows iiiay be j)hotojfi’a|)hc‘a separately by 

first an isoehronintic plate with a yellow sereen, anti then an ordinary 
plate with a blue sercen, or no screen, since the > ellow li; 4 ht has only 
a vcry-slij^dit effect on a photographic plate. 

Some of the chemical reactions have'been consjnci.ously demonstrat ed 
in this apjjaratus. W hen acetylene is admitted a lilac e|</\v i.', flevejtiptll. 
The hydroeyanit? acid produced may l)c condenscii by sui roimdiiifr the 
vessel d with litjuid air, or it may be drawn tJirouj^di a solution of sodium 
hydroxide and identified hy the Ih’iissian blue reaelion. When !he 
activated nitroi^en is passed Ihroiioli a U-tuhe eontaininc cold nu renry., 
the surface of the mcreury <iuiekly i)eeomes fouled, and wla u it is tlistilled 
with water, ammonia can he deteeted in the distillate hy tlu' aid of 
Ncssler solution. 

Physical Properties of the Glow.- -The ^How disappears on heating-, 
and also under a lec'ble elcetrie diseharjjied Atordinaiy l('mperatm('s it 
p<Tsists for a))oiit a mimilc. Kxposun^ to the temperature (d’ lifjnid air 
int(‘nsihcs it, hut diminishes its duration. It is <rreat ly increased by com- 
pression, but when tin* former volume is restored llic ea[)aeity to produee 
the f^low is exhausted. The heat of formation is about - l(),()0() cals, per 
mol. of nitro<^eu'^ (see also pp. I t and tbj. It is not affeeled by an 
eli'clric held, but possesses a eonshh'rable eleetrieal eonduetivity, ('om 
para])le to that of a salted llam<*.“ The sjieetrum (sec; above) is imi the 
same as that of ordinary molecular nitrogen ; it contains a i^reeu, a 
yellow, and a red l.iaiid.'^ 

Ileaetions take place r(‘adily wilh indals, mm-met(dH, and i tnnjxjiinds. 
Sulphur and iodine show a blue llanc*. In Ihe ease of suijihur some 
matler. probclily a sulphide of nitro^^en,* is deposited on tlic j^dass.''* 
The yellow form of ibis sulphide is ohlaine<l by the action of active 
nilro^cii on sulphur ohlori(h‘. White phosphorus is ehan,i>(‘d into the 
red variel y, and at tlie same time a nitride is produced.* Ars('uie shows 
a .iL»re('n ^low and ^dves a nitride*.'* 

The eombinalion with meUda is accompanied by beaut ifnl and varied 
< 4 lows which exliihit the line sprelra of Ihe metals. 'J'lie l.trilliant in- 
tensilieatioii of tlie sodium line when tlie metal, ju.A above its m' lliiii^^- 
])oijit, is brou^^iit into active nitnijicn, eonslilutes a dcii(‘ate test for the 
latter. Combination also occurs with /.ine, cadmium, and mcreury.*'^ 
The nitride of mercury is explosiw.^ 

It is remarkable that ueitlier oxyo'cu uor hydro<i,'en eoml)iue will 
active nitrooeu. The exlinetioii of Ihe olow which is causcil In onm onia 
or i)K\}fcn ill amounts ovgT 2 per cent., or by tixides siieb as tliose of 
eopjier or maii'jfaiiesc, may be due to chemical aetiou, or to a ci'ialv tie 
aetioii upon the. rceombinati. ii of the active form. • 

Nitric oxide is oxidised to nilroiijeii irioxide, which laiter may be 
eoudeiised to a lilue liipiid lu the ordinary way. The leaetiou probably 

^ Accordiiit? t(p lalvr (’X[H;rinroiitH <lin j.dow iHcnlunK;od Ijy lu'.-iting to 22.') rh'.stjviycd ty 
heating to ’ C., afld tlieii ofily i‘xcrj)l ion idly rea|»[H'Mra on cooling (W illey. -/. (■/>• t/i.iSoc.f 
1927, isHl). ‘ 

- Strult, Ptvr. Hui;. Soc.., Jill I, A 85 . 219; ibid., 1912, A 87 , 179. 

’■* pStrutt, /ha/., 191 1, A 85 , 219 ; l-ipwler ainl ,'<li uU, lYnV/., 277; iStrutj an 1 
1911, A 86 , 105. 

^ iStrutt (Lord Itavieigh), I'roc, Roy. Ror., lUl.'l, 88 , 529; si-e alst) /’ 1915, or, 20H; 

1910, 92 , -LIS; 1917, 93 , 25L • • 

* pStrutt (Ivord Uaylcigh), ibid., i9ll, 85 , 219; see also ibid., b 6 , .70; 1012, 86 , 
202; 1912, 87 , 180. 



%cturs in iwor stag^. Thus, "assuriiiiig that the active forni coiisists of’ 
lor liberates atoms : 

N*H-2N0— vNOa+Ng,-' NO2+NO--VN2O3. 

.Acetylene and other carbon com|)onnds are decomposed ; tlie nitro^^cn 
gives cyaifogen or hydrogeiK'yanide ; 

021124' 2N >-C2N2H-Il2. 

In the case ot alkyl halides and cliloroform, halogen is set tree : 

‘iCIICl^ h2X--- >C2N2 I-2IICI+2CI2. 

Strutt has endeavoured to determine the pro{)ortion of nitrogen 
converted into the active form: 

(a) By absorption with phosphorus. This sliowed the presence of 
about 0*5 })cr cent, of the active form. 

{()) By causing the gas to react with excess of nitric oxide and weigh- 
ing tile resulting nitrogen trioxidc. This showed the presence of about 
2*:t6 per cent. Probably this divergence is to be accounted for by the 
difficulty in keeping the conditions of the activ^ation constant. 

Although active nitrogen does not itself combine with oxygen (w hich 
in minute amounts favours its formation, and in larger aimamts catalysi‘s 
the recombination of the active nitrogen), it may yet play a part in 
the electrical methods of })reparijig oxides of nitrogen. 

Chemical Properties of another Form. It is well known that 

/higli-tension discharges produce both ozone aud oxides of nitrogen, and 
arc indeed necessary if a good yield of oxides is to be obtained (see Chap. 
XIV. ). Since the same conditions lead to the formation of active ni 1 rogen, 
it has l)ccn suggested ^ that the oxidatioii jriay be due to an interaction 
between active nitrogen and ozouc.'^ In the Lcctluuu jirocess (lOOil), 
wdiicii w^as devised to jireparc a bleaching gas from the air, the latter 
passes through an ozoiiiser aud then through a spark gap. In an in- 
vestigation of this process ^ it was IVnind that passage in th(‘ revaase 
direi'tion w'as ecpially effective in producing oxides of nitrogen, but that 
each form of discharge by itself had little effect. The amount formed 
Was estimated by means of the absorption spectrum of XOg, which can be 
detected to 1 part in 1800 by observation tlirough very long eohinm 
(01- feet) of the gas. The active nitrogen 'iiid ozoik;, in insnlliciejjt 
amoimt, may be formed in the spark gap, and th<^ further amount of 
ozone required in the silent discliarge. The active nitrogen ]3re})a red by 
Strutt is not oxidised by ozone, so that it is not identical with the form 
prepared by Lowry. 

The Energy of Activation.- -The amount of energy evolved in the 
decomposition of active nitrogen with the formation of 1 molecule of mole- 
cular nitrogen, Ng, was estimated by Strutt (1911) as 1-2 to 1-8 times 
tha1t evolved in the dccomj)Osition of 1 molecule of NO,Lc.2G 000 to 89*000 
Cals. This result was in tlie main confirmed by moyc rcctfht cx[)cri- 
ments, one of, which will be dcscrilx^d.® Active nitrogen, [)roduccd as 
described afxive, was mixed with nitric oxide and allow^cd to stream at 

* l^owry, Tram, Chtm. Sac., 1912, loi, 1152. 8 ec also I^jowry, i‘hU, Ma/j,, 1914, 28 , 412* 

2 jt already known that the combination between nitric oxide and ozone produced 
bv elejtliefil discharge under low pressures gave an afterglow ( 8 trutt, Troc, Tht/s, Soc^, 
1910, 23 . 00). 

, ^ Wiiloy and Rideal, J. Chan. Soc., 192(1, p. 1804. 



steady rate through a tube surrounded Im luiu'^ne, used as tlic calorivV 
metric liquid, in a'Dew^^r llask. The tern})eV.itiir( rose, and then attained^ 
a constant value. Tlit' same constant temperature 'was *l I k u attained;: 
by aiueleeirically heated coil immersed in the same calorimeter; the * 
electrical energy supplied per second \^'as equal to the heat evolv^'d per 
second by the reaetion. It was proved by a separate experilueiii: tliat 
this heat was evolved by that reaction which is ex:[)ressed as oapiatioiv” 
(2) below, siiice only a small proportion of NOg was formed in tin* rapid 
passage (0-7 see.) of the gases through the calorimeter. The amount 
of NOg produced by the subsequent oxidation at liquid air temperatures? 
(equation 3) was determined by titrating the iodine lil'craled froiii a 
solution of potassium iodide. Every molecule of NOg found, correspf)nds, 
of course, to the amounts expressed by equation (2), and since the heat 
of decomposition of 2NO is 4.3,120 cals., the heat of activation E is given 
by the equation ^ 

22-400 cc. of NO2-21-500-h^ Cals. 

The amounts of heat found by this method, and by one involving the 
catalytic decom])osition of active nitrogen in the presence of ox\g‘>en, 
ranged between 30-7()0 and io GOO Cals. ; and the mean of the mean 
of results obtained by each of tk- two methods is M-200 Cals. Tiic 
authors eoiisider that the reaction should be expressed l)y the Ibihjwing 
equations, in which the dash denotes the activated or metastable 
molecules 

(t)- 

NT3' t NO- -Ng l-Og i-E l-^312()(’als. . . . (2) 

2N0-f02 — >2N02 (8)1 

Speculations as to the Nature of the Active Form. -The 
eloetrieal eonductivity of active nitrogen (see above) suggests that it 
might sim[)ly l)e the ionised gas; but this hypothesis is not tenable 
for several reasons, among which may bo mentioned the fact that the 
removal of charged particles which have survived the discharge has no ; 
effect uj)on the afterglow.^ 

The chemical properties would suggest th{^ it is triatomic nitrogen, 
analogous to ozone, but .such an alkdropic form would probably !>< 
eondensed at liquid air temperatures, whi(*h does not o(;cur so far as is 
known at present. Additional evidenee against this vi(?w is the eom 
paratively simple natiire of the speetrum. 

Rayleigh himself considered that it is probably atomic nitrogen, in 
su})port of which we may note the following ; — 

(a) The simplicity of th .spectrum. 

(/;) The groups of lines in the spectrum agree with the amounts oi\ 
energy required to convert nitrogen into the atomic condition, i.e. 
total of 11*4 volt-faradays, or 208,000 cals.*"*' 4 

(c) Tlje afterglow is lengthened by heating and shortened by cooling* 
This behaviour Is unique, and suggests that the reaction is also unique^;; 

(d) The rate of decay of the glow" follow's a bimolecultir iavv.® 5 

Certain difficulties in the way of this hypothesis have been^sfal^V 

1 A sjniall projjcirtion may C(msi.st of atoms which set fn^e cnerfry equivalent to 1^00,000“": 
250,000 cals, on recombination (Willey, J. CJmn.. Soc., 1927, 2821). , ' . 

^ Lewis, Astrophyn. J., 1900, 12, 8. Sec also Trautz, Z^ii-ach, hJkkU'oclK m., 1919, 25, 299il;; 

® Birge and Sponer, Phys. Rev.^ 1926, 28, 283. »Soe also Birge,*A«lftr(?, 1920, 117, 

^ Johnson. X/tivra, 1927, m;, 9. ® Augerer, Phyaikal. ZtiUck, 1921, 22. 4. 9"? ^ 
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by those who niaintain the opinion that active nitroi^en consists of 
ihctastablc molecules in an excited condition. ^ .The heat of activation 
actually ohsetved, i.c. about 4.0*000, with a inaxifuiim of 40 000 Cals., 
is less thau that calculated for the dissociatiou of iiitrojrcii into atoms, 
which is estimated at more thau 4 1)0*000 (‘als., and is ])robably between 
Sh'O'OOO ahd 400-000 C als.-- =* 

A dischar^n* which is of such a Jiaturc as to give only t he line sj)ectnim 
of nitrogt'u does not produce the afterglow.^ 

These diiliculties may be largely overcome by supposing that active 
nitrogen contains at least two distinct molecular species : 

(1) Metastable molecules with a lower heat of formation. 

(2) A much smaller proportion of atoms which combine to form high 
level excited molecules with a higher heat of formation (sec above). 

The 1‘ormer ar(‘ rcs{)onsiblc for the chemical activity, the latter for 
the glow. These two manilVstations of activity are only n'latc'd to one 
anotlier in a complicated manner.’'* 


The Conmitions of FoicM.vrtoN of Nitkujes. 


General Considerations. The allinity of uitrogcJii for otlu-r 
elements is not maiiitcsted at ordinary temperatures, but on lu'ating 
combijiation often occurs, especially in the case of tin* niclals (and 
hydrogen), which combine in an exothermic manner.'* The energy of 
coml)ination with the more eleetro-positive metals ((‘specially those of 
the rare earths) is considerable; thus cerium healed initially to a dull 
red heat in nitrogen soon In'cmncs incandc'seent. 

With non-metals the combination is usually endothermic, and occurs 
at very high temperatures ; ^ and this is the case also wit h those elements 
which arc electro-negative to nitrogen,^ and which sometimes can only 
be caused to combine with it by indirect means.’ The lormuhe of the 
nitrides, in the cases where they have been dclinitely establislu'd, are 
usually those w'hich are to 1 k‘ expected from the ordinary vah ney of the 
second elenu'ut and the tri'calency of nitrogen. 

Nitrides can therefon' be regard('d as salts derived from the 
anhydro-acid, ammonia. In their chemical behaviour they lithcr 
resemble salts of a very ^vcak acid, f)eing comj)Ietely hydrolysed with 
the production of ammonia, or they arc stable substances whi*’h mav 
ow(‘ their chemical inertness to a high degree j^'‘|j,j|y^,i(.risalion. 

Ty])ieal formulie are M^X, M^Xo, M.N„ ’M3X5, in which the 
vah ney of the nitri(le-foriniiig j to 5^ for exa.uple. 


’„.x, 

JiX, AIN, AsN, .SbX, UiX ; 

SijN,, TijN,, Th^N,. U^N,; 

I’aXs, NbjNs, TajNV 

^ Willey and Kidcul, 

Langmuir, X Aimr. gijO ’ 

I i’. • i.'owkr«nd Strutt. /'««:. Sur., 1911, 85,377. 

■ V 1 ?'f i ’ ,^7 . 2838 ; K,imii.sky. /M. 32. u. I,. 

■ 

’ m. I*,l, ..f L™ .nitsWi U ic,. N,| . ..71 

lb. ; lor nitiKi O.xjde, [N„ O.J --77 ■ -f.. nitrogen Irinl.loride, [N„ 301.1 - -77 Cab. 
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Survey of Methods of Preparutioh and Propeities J 

Dircd coiM nation at moderate or lii^h tCiiiperaliirt^ witji Ihe* 
element (in the ease oT metals tite atnnl^mms niayJa* When 

iieateil in a enrr nt of nitrogen, or when they an inade the poles of an 
eleetrie are in an atmosphere of nilro^(ii, the foil will (‘onihiue : - 

Ja, Ca, Sr, Ba, B, Al, some metals of tlic rare ^^arths^m Imlii.'^’ 
Ce and Th, also Si, Ti, /r, V, Nl) (C'l)), Ta, Cr, U, and Mn 

Litliinm is one of the most reaetive nu'tals towards Jiilro^en ; it 
gives tlie nitride at a nal lieat,*^-^ or even in the (rold.^* The nitrid-. s of 
the alkaline earths ar^‘ formed by Jieating the amalgams (d’ the met jils 
to a dull red heat in nitrogen.® 

Manganese nitride is formed in the same way I'rom Tnangancse 
ajnalgam. Magnesium absorbs nitrogen at a still lower temp(‘ratnre, 
as may easily be sJiown by a well-known (‘xperiment.® Mi lallie lan- 
thanum absorbs nitrogen at 850'" to 900'' C\ up to 9 per eent. of the 
weight of the metal. ^ 

The nitrides of these reactive metals are usually dark powders whi('h 
are easily hydrol^^sed by eold water with evolution of ammonia, e.g. 

Mg3N2 i ;mg(()ii)2 1 ‘JN113. 

The reaction is in some eases so (‘uergetie that the addition of a litth' 
■wate r raises the nilride, c.g. eerons nitride, to a red heat : 

2(;eN + Hf 2<> = 2002 i 2NIJ 3-} IT.,. 

'Hk^ formation of nitrides b} this method has been mueli used to 
separate nitrogen, as well as oxygen, from mixtures of air with the inert 
gases (sec' \ oh f., and V'oh VII., Bart 1.). TJiey also supply theorcdieid 
methods of lixing nitrogen, altiiough Uj) to the present lle se methods 
arc* not (ommereially feasible, except j)erha[)s in the ease of AIX (sec 
N'oh U'., and this vmlumc, [>. 217). 

( hromium and manganese nitrides Jire not easily hydro!; s' .|. Boron 
and titanium nitrides are ima't powders, and an* unaffeelrd by water 
or a(|ueous acids. Silicon nitride, which is oidy formed at a high 
temperatun*, is also a \'crv stable compound. 

2. The Action of Cmixtn and Mitroi^ni on (h ides. Alimiininm nitride 
is formed whim lh(* oxide, mixt-d with earhon, is heated to a high trm- 
])eraturt' in a current of nitrogen or pro«hieer gas (.’litrogeri with iraihon 
monoxide). In most eases, as in those of the oxides ol* the* alkaline* ('a»*’ fi 
metaJs, this jn-oeednie gives, in addition, eyanhle and ■yananiide. 
Nitrides of zireonium, seandium, and jiiobinm have also bee/i ])r(*pared 
by this method.'^ 

•h fiction oj iiaseo. s tnunonia on Metals or their (h idts.- AWk^w 
amnionia is jiassed ov er enprre or enprons i)xide at about C., a nitride, 
having a eomj)osition a[>})roximating to CujN, can i>e separated fi tm 

^ 111 aeronlaiifc with th<- jriicral sfhoim! of tivatmont in tliis sorics, (t(‘tail<‘(l ai iomhs 
of the iiitriilfs, will* futl n hrenees, will he foiui(J uiulei* tile reswelive nitriite-forahnii 
elements. 

2 Ouvrard, Compi. rtw/., IS02, I14, 120. “ (hintz, ibid., lS?ev. 120, 77 

* Deslandrcs, ihid., I8O0, 121, S8G. ® Afaguenni', J802, llA, 2;1. 

® Merz, I8!)l, 24, .‘gUU; Newtli, “(’h'onieal l>‘etniv I CxjKM'inieii!." 

’ Muthinaiin and Kraft, Ammlen, 1002, 325, 201. 

* Aluthnianii and Kraft, ibid., 1<)02, 325, 208. 

* FriedericJi and Sittig, Zeii^^rh. mmrtj. Chau., 102r,, 143, 20:t 



earboh&*^ Aiftmonia rmcts wth 
COO^ C. ; the |)roduet contains rather less nitrogen -than is required I 
the formula .ZngNg.'* Nickel and col)alt at, or sliglitly below, 500'’ 
are converted by ammonia into nitrides of variabh* comj>osition/''. 

A nitride of iron, of inconstant composition, but corresponding a] 
pjoximati'dy to Fe 4 N 2 , was, made by passing ammonia over the find 
divided metal at tOO"^ C.® Tlic reaction was further studied and tli 
composition established by many researches A- It is possible th; 
the forjuation of nitrides by this method always takes place throng 
the intermediate fonnation of amides and imidcs. 

4. The Decomposition of Amides and I m ides by Heat. — The amid 
of zinc yields nitride when heated to 200° C, : 

3Zn(NIT2)2-Zn3N2+ANIl3.ii 
Borimidc (see Vol. IV.) decomposes below 130° C. : 

B2(Nn)3==2BNfNFl3.i2 

Each of the intermediate compounds has been isolated, and the condi- 
tions of the successive changes determined in the case of ai’senie : 

2AS2(N1I2)3-AS2(NII)3+3N1I3 (at 00° C.); 

As2(NlI)3-u2AsN+Nn3 (at 250° C.). 

5. 27/e Action of Aqueous Ammonia. — Aqueous ammonia at ordinary 
temperatures .converts the oxides of silver and gold into tlie explosive 
jiitrides, Ag 3 N,^^ AugN, and AujNg respectively, 

0. Reactions in [Jquid Nitrogen. — The nitrides of tin, lead, and 
cadmium have been prepared by passing an electric arc between elec- 
trodes of the metals imniersed in liquid nitrogen.^®* 

7. Reactions in Liquid Ammonia. - Double decompositions which 
occur between halides and amides in liquid ammonia generally yield 
complex double amides, often with ammonia of crystallisation. But 
in some cases a nitride is produced, e.g. the nitride of bismuth, by the 
reaction between the bromide and potassium amide : 

BiBr 3 f3KMl2 -BiN fSKBr 

8. 27/.C Action of Dry Ammonia on Anhydrous Chlorides [Chlor- 
anhydridcs). — This reaction is applicable more especially to the 
chlorides of the non-metals, and particularly those of the fifth and sixth 
groups. 

An account of nitrogen sulphide is given on p. 203. Selenium 

* ;Scy4ott(:;r, AnnaU ft, 1S41, 37, 131. 

a))d Henderson, J. Vhem. >%c., 1901, 71, 1252. 

® (luntz nnd Bassett, Bull. Soc. chim., 1900, [3J, 35, 201. 

* White and Kirschhrann, J. Amcr. Chem, 190G, 28, 1343. 

^ lleilby and Hender.son, Travs. Chevi. >Soc., 1901, 79, 1251. 

Dospretz, Ann, Chlm. J*hys., 1829,42, 122. ^ Fowler,,/. Ctmn. Soc,, 1901, 79, 285. 

* Htdlby and Henderson, ibid., 1901, 79» 1245. , ^ 

* .Mute and Kirschbraim, J. Amcr, Chem. Hoc., 1900, 28, 1343. 

D^istrlation, JBtrliri, IQll. Frjinkland, 1858, [4], 15, 149, 

AoserandKitlnjann, 1902,35,53.5. Hugot, Compt. rend., 1904, 139, 54. 

. JiiAchig, Annalen, 1880, 233, 93. Kajichig, ibid., 1880, 235, 348. 

Fischer and IJiovici, Jkr., 1908, 41, 3802, 4449. 

Fisohor and SohrOter, ibid., 1910, 43, 140.5. 

*** FAnklin, ./. Amcr. Chm, Hoc., 1905, 27, 220. 



NITkAg 40 

and td 111 rill rn nitrides, ScN ^ and TeN," Inn'c also hern prepared' 
and are di'senlx'd in Vol. Vlf., IVrt II, ehloronitriihvs of 

phosphorus are described in Pari IJ, oi' this voIomh*, aiuf tlu* nitroi^'en 
halidis on pp. li t .sw/. One pr('|)aration of boLon nitride eonsisls in 
Igadin^f tiie \ aj)our of with XI I tlirou^di a tube heated V* 

The |)roduet is a voh^rninous <‘olourless fiowdiT, which uudi'nii-oes a di^ht 
hydrolysis in the air/'^ Horon nitride is fully deserilx'd in VV)I. IVb of 
tliis series. 

Zireoniuni nitride is prepared as a oreenish-hrown suhstancf^ h^' the 
action oi‘ Nil., on /iCI j. The analysis of this product ua\ e results 
corresponding- most nearly to the formula' Zr^N;, and Z)v,\\.' 

Atomic WV.kjut on Nithookn. 

Historical. Prior to IHOO, the names of Berzelius, DulonLj, Gna-lin, 
'rurner, Penny, and Marii»nac were associated with atomie-w(‘ii,dit d('- 
terminalions of nitrogen. An (‘\hanstive series of in\es1 iirations by 
P(‘nny n'sniled in the mean value of i;i-0()7 from the ratio A^’ : AuNO.,. 
and Marin-mu's •' value for the same ratio was i;hOS‘i. 'Phis latter 
experimenter mentions the ('illienlty of ol)tainini( pure silver niirati'. 
owinn tendeney of the erystats to retain nitric aiad. 

The elahorate n'searelu's of Stas" hetMeen the yi'ars ISbO and ISSl 
resulted in the mean vahu* of 1 t-OM) as th(‘ atomic weight for mlroj^i'n, 
whieh was takim as st.-mdard for many years. Beinve- tie.ation h\ 
Ihtyleiyh, Ledue, I). Berthelot, (iuye, (iray, Clarke, and otiiers, eaiised 
ar(‘\'ision to he made in the atomic- wei;^ht values of a number of elements, 
and in 1007 tht; Internal ional Atomic Wcioht C'ommission adopt eil 
I 1-010 as the value for nitroi^en. \ critical examination oi tlie vahu's 
obtained liy Stas was made t)y (iray, wlio adduced eonsideralde e\ idenee 
to show that the experimental n'suHs of Stas for the atomic wia^ht of 
nitrogen are erroneous. For example, the rcdctcrminadon of the 
ratios A' 4 ‘:NI! ,(’I and A<(:NH.,Br by Sirott,^ the ratio .Vi' : Nad by 
liielumls and \\ ('11s, and the ratio A;( ; .V^^NOjj by Hiehards ami Forbes, 
resulted in tlu' lowering- oj* the Stas value in each eas(‘. Although the 
precautions iakc'u by Stas weiT, as usual, most ('lahorate, 3^*1 lat(‘r 
experimenters had many relinements not available to the ti'reat Beli^-n.n 
chemist. Tims, the ratio A^m Ai»NO.,, aeeordiny to Richards and 
Forbes, results in the '/alne of 1 t-00<S wIk ii corrections arc ai^plicd f(.; 
the trace's of Mater and ammonium nitrate in the synlhi'sised silv'cr 
nitrate. 

Tlie researches on the atomic weio;ht of nitrof^en. carried /nit at 
Geneva since 1904 by P. .A Guye and his eolhdK)rators. include the 

‘ ►Stieckcr and Claus, Bfr., 11)23, 56 . 362. 

^ Mot/iuT, (Jhim. Phu^.. ISUS, [7j, 15 , 257 ; (kwipL nnd,, 1897, 124 , 32. 

^ M< y('r and Za]>i)iu‘r, Put., 1021, 54 B, 360. 

^ Mattiurws; CVu'/;/. Sor., IH98, 20 , S-I3. IVnny, Phil. Tran'^-., 1833,53 7. 

“ Marignac;, (Kunes compItU s, (Icncva, 1843, i, 87. ’ Sta.<<//7uV/., .llru»'-llrt} (JSD4).* 

* Scott, Proc. Chvm. Sor., H) 00 , 16 . 205 ; Tmns. Phvni. Poc., 1900, 77 , fit — ihid., l!)0l, 
79* 147. ® l\i( liai'd.-! anrl Welts, J. Amor. ('hem.. Sor-., 1905, 27 , 5 , * 

Hicliard-s and Korbi-s, ibid., 1907, 29 , 808 ^ ' 

A detailed ac(!ount of tiio physical mrasurctiiciits oarriod out in ctitmcction with this 
work is i^ivcn by ( hi 3 ^o in " Jtcchcrchcs oxporiincntak .s sur k^s proprietes ph ysicu-chinfiimcs 
lie quckjucs cn relation avau* le.s travaux dc revtsioii du poids atu!ui«|uc dc f'azotc 
;(,»uyo, Mhn. Sci, pfii/s. md., 1908, 35 , 548-694). The following aocouul of (luyc'.s work is 
vproduced from tins Stories, Vol. 1. 

VOL, VI. : I. 




.analysis of nitrous oxide, both graviinetrically ^ and vohiinetricilly,^ 
the gravimetric analyses of nitrosyl cliloride ® Aud hitrogeii peroxide,^ 
the indirect volumetric analysis of ammonia,'’ the determination of the 


densiti(L‘s of nitrous oxide and ammonia ® by the volumetric metht)d, and 
the dens’ty of nitric oxide by the ordinary globe method,^ and, finally, 
the 'measurement of varibus gaseous compressibilities® and critical 
constants/-^ 


It may be stated here that all pieces of at)paratus were ^veighed by 
the method of vibrations against eounter})oises of similar material and 
shajie, and of nearly equal weight, and all weighings corrected to the 
vacuum standard. 


Preparation and Purification of Nitrogen Compounds Used. - 

Nitrous (Ivide. Siiu‘c the gas, prepared by any of tlie usual methods, is 
always slightly eontaminated with nitrogen, recourse was liad to the 
metliod devised by V. Meyer.^*^ Concentrated sodium nitrite solution 
was dro])ped from the vessel D (lig. 10) into a neutral solution of 
hydroxylamine sulphate contained in the llask E. The gas (wolv^'d was 
passed through ]K)tassium hydroxide solution and eonccaitrated snlpliurie 
acid in the bottles N aud P respectively, and linally dried with phos- 
phoric anhydride in S. The solutions were prepared in air-free distilleil 
wnt(‘r, and at the eommeiiecmeut of each experiment the apf)aratns was 
evacuated through the tube F; a small (|uantily of gas was thou ilis- 
engag(‘d, and the apparatus again exhausted. A repetition of this 
])roeediir(‘ once or twice served to (‘liminate conqiletely the last traces of 
air, when the tube F was sealed. 

Nitric (hide. Tina gas was prodnecd f)y three disiiriet methods, 
namely : (a) Nitric acid (25 per cent.) was allowed to How, dro]) by 
dro}), into a boiling concentrated solution of ferrous sulphate in dilute 
sulphuric acid, or a eoncentrated solution of sodium nitrite was slowly 
added to one of ferrous chloride in hydrochloric aeidA^ The evolved 
gas (20 litres) was collected over air-fre(^ water in a copper gas-holder, 
from which it was afterwards driven through eoneentratecl sul[)}uii‘ie 
acid and over phosphoric anhydride, and the dry gas condensed in a 
receiv^T cooled in liquid air. {h) A 2 per C(!nt. solution of sodium nitrite 
in concentrated sulphuric acid was run into an Erlenmeyer llask, the. 
bottom of which was eo^ ored with a layer of mercury. The nitric oxide 
produced was led through coneentrated sul])liurie acid, and then con- 
densed at tlie tem])erature of liquid air. Air was initially eliminated 
from the a})paratns by a process similar to that dcseribed under Nitrons 


^ puyo anti Bogdan, ./. Vhim. phijn., 3, ftli? ; Compf. r^ nd., 138, I40[. 

“ JiMiiifiod and Bogdan, J. Chivt. phy-'^.t i5K)o, 3, ; (hmpt. n ml., 1904, 139, 94. 

* ( Jiiyc and Fluss, J. Chim. pkys.^ UK)8, 6, 732. 

* (luyo and Drouginint', ihid.^ 1010, 8, 473. 

® (jiuya and I’int/.a, Mem. tSri. phys, mil., 35, 59J, 

“ (iLiyo and Pintza, Compt. rend., 1904, 139, 079; 1905, 141, 51 ; “ llerdierchca exp^Mi- 
nientak a,” loc. dt, 

’ <luye and Davila, Compt. rend., 1905, 141, H26 ; “ IlocVtorclies t‘,xp6riiuoiitala8,”^ 
loc. dt. 

, * Jaquernd and Sclieucr, Compt. rend., 1905, 140, 1384 ; “ llcrln'i'chos (^xporirnen- 

taka,” loc. dt. 

5 Jaqueroef, tier., 1906, 39, 1451 ; Briner, J. ('fiim. phye., 1900, 4, 479 ; “ Ih clu rclies 
exporiinentales,” ioo. c?7. 

Meyer, Annalen, 1875, 175, 141; Treadwell, Anat. Cfiemic, 1902, vol. ii, p. 512; 
also Treadwell-Hall, Anahjticul (JhemiHlry (Wili^ k iSons). 

” Gay-Lussart Ann. Chim. Phip., 1843, (iii], 23, 203; Thiele, Annalen, 1889, 253,240^ 
Kniich, Monalffh,, 1892, 13, 73. 



rtxidc. (c) A 10 pci' cent, solution of siilj)finnc acid was added, drop hyl'. 
Irop, to aqueous sodimn nitrite (0 per eeriL). Nitric pxide is produced 
n this reaction by auto-oxidation of tlic nitrous acid initially lorincd : 

3 HNO 2 - HNOj f 2N() f IIQ. 

The gas was tlioroughiy dried by conducting it tlirougli three vess(‘ls 
containing suljduiric acid, and finally liquefied. 

It will be noted that higher oxides of nitrogen were .always absorlxal 
by concentrated sulphuric acid, and not by potassiuiu hydroxide, <^lnce 
the hitter reagent slowly decomposes nitric oxide, producing |u;ta.ssiun} 
nitritt', and nitrous oxide. 

The impurities still present in nitric oxide, jirejiared by the abo\a' 
iiK'thods, include small quantities of nitrous oxide and nitrogen, and 
races of higher oxides of nitrogen, and such substances as hydrochloric 
acifl, sulphur dioxide, and chlorine derived from the reagents used. 
A consideration of the boiling-jioints of the impurities sngg^^st(‘d that it 
should be })ossible to prepare nitric oxide free from all Ihesc impnriti(‘s, 
witli the possibl(‘ exception of nitrogen, by liquefaetioji and fractional 
distillation. The preseuee of even ()-15 ])er cent, of nitrogen, however, 
would only eausi* an error of 0*01 per cent, in the value for tlu; density 
of the gas. Accordingly, the nitric oxide was liipiefied, and boiled imdfT 
redu<‘(’d pressure, whereby the more vol.atile portions esea])eil, and the 
residue solidified. It was again li(|nefied, the more volatile ])()rtii)n again 
boiled off, and tlie jiroeeduni repeated live or six times, unt.l the voIhuk’ 
of the liquid h,ad becai reduced by one-luilf. The solidified residue was 
tlien slowly sulilinied, under reduced pressure, and the fimil third re- 
jected. This fractional sublimation was repeated in various experi- 
ments from two to five tipios. 

Nitrogeti Fenhvixle. - -TUh was prepared by mixing, at -20'^ C., purified 
and carefully dried nitric oxide with excess of pure oxygen, prepanal 
from potassium chlorate. The nitrogen peroxide was rcfx at.edly dis- 
tilled under reduced pressure in the presence of ox'/gen, to ensure Hie 
absence oi trioxidc, which would have been difiieult to remove by dis- 
tillation. Special precautions were taken to free the final jirodnct from 
dissolved oxygen. 

Although nitrogen peroxide decomposes into nitric oxide and oxygaai 
at moderately high temper.atures, at ordinary temperatures the extent 
to which this decomposition ])roeee(Is is quite insignificant, and Ihv 
peroxide may therefore be regarded as a stable substance. 

Ammonia , — Ammonia prepared from eommereial ammonium salts 
is always contaminated with traces of organic bases such as ;)y/’i'diuo, 
which materially raise its uensity. Accordingly, the gas obtained from 
a cylinder containing 20 kilograms of liquid ammonia (ihe first half 
collected in the distillation of a supply of commercial liquid ammonia) 

^ was slowly passed through a long, hard glass tube, packed with liUlc 
nieces of liitic and heated to redness. The organic compounds were 
.hereby decomposed, the nitrogen contained in them bein? converted 
nto ammonia. The issuing ammonia was collected in pure hydro-* 
ddoric-acid solution, and on crystallisation pure ammonilmi chloliAc 
vas obtained. 

The apparatus for obtaining pure, dry ammonia for dimsity mwisTn»e- 
iients, consisted of a large cylindrical tube, filled with a mixture of jiure 
i^monium chloride and quicklime, and connected with a purifying and 



NITROGEN. 


6 ^ 

drying system of six tiihes. TIk‘ first tlir(‘e of these W(‘re filled with 
solid ] )otas‘ii urn .hydroxide : tlu* others eoiitaioed’anhydrous harimo 
oxide. All the eomieetions were of ulass. The a}>))aratns was initially 
evacuated, and tiu u swept out (jiiee or twice wit h dry ammonia, fiherated 
'at a cojCveniiiit rate hy suitably warmiiijff the mixture of ammonium 
chloride and lime. 

Nitrosyl CliJoride. -Thh substance was pre|)ared by Tilden’s method,^ 
a mixture of Jiitrosyl liydro^en sul|)hate and sodium chloride in equiva- 
h'ut quantities bein^- warrned in vacuo in a sjnall flask to (S5“ C. The 
distillate was (‘olh'cted in a small receix er cooled in a bath of solid carbon 
dioxide and etJier. The materials were previously dried in a vacuum 
oxer jdiosphorie ardiydride, and the .apparatus thoroui^hly desieeated, 
since nitrosyl chlori(i(' is immediately decomposed by water. For the 
jairification, the nitrosyl chloridi; was scxeral times fractionally crystal- 
lised, the linal crystals melted, and the litjuid submitted to IVactional 
distillation, xvith the* rejection e'ach time of tiie first and best fraedions. 
The impuriti(‘s thus eliminatcel ineludeel traces of hydrogen chloride, 
chlorine', sulpfmr elioxide', and !n‘<j^her e>xid('s of nitroj[>en. 

Analytical Methods.- (a) (havinictric Jnalif,sls. -In the cases of 
nitrous oxiele and nitro^e'n peroxide, weighed quantitie's of tlie e*e)m- 
pounds were* de'ee;)m])e>seel by red-he)t iron, which (juantitativTly abse)rbeel 
the oxyi»en. Iron spirals were emj)le>yeel, xveamd e)n thin pf)rcelain rods, 
anel ede'ctrically lieaited. Afte'i* an experiment, a spiral xvas prepareel for 
i'nrther use by bein;»' lu'ated in a current e>f pure hyelroi^cn. Since- e'ach 
spiral used xvas oxidised and redu(‘e*d a numlx'r of times in suceession 
bcibre the linal experiments were carried out, traces of impuritie's in 
thi‘ iron, caj)a[)le of formini^ volatile oxyuen eompenmels, must Inive been 
eliminated. 

The' experimental arran^^ement adopted for nitrous oxide is indicated 
in (].!{■. tS, The dee'onipositiem xesse-l A contained the iron spiral, the e*nds 
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of xvhich were silver-soldcre'd to ]datinum leads fused into the vessel, 
retnnectioik with a mercury pum|> was initially made throuf^h H, xvhich 
xvhs sealed off after A hael been conqxletely evacuated. Nitrejus oxide 
V'jis ^ibsorbed in containin*^ xvood cliarcoal whicJi had j)rcviously been 
carefully pujified by igniting in chlorine, boiling with concentrated 

^ Tildon, Tram, Chem. Soc,^ 1800, I2, G30, 862, 
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hydrochloric acid, washiii^f with wafer and <lryini'- in vurno. Tlic tube 
C Avas alt(‘rnatdy .^laturated with iiiifn>ii.s oxide and cvjiciialcd si'scral 
times before bein<j fmally eliarj^cd witii tJic ^as. In eaiTylni,^ out an 
analysis, A was first evacuated and w(*i«^hed. The anpanil iis licinn’ llu'u 
fitted iij), 15 was exliaiisted and s(‘a!(‘d off, the spii'al iieated ||^> briLih^ 
redness, and ])y mani]adatini»' taps 1 ) and K' nitrons oxide was passi'tl, 
lifth' ])y ]iftl{‘, into A, tap E re main in, li’ closed. After tier iiilrons oxide 
in A was judged to Ix' eomphddy decomposed, a \'cry slow ('iirreiit ol t he 
jjfas was allowed to pass o\er the ineandeseiait spiral, tlie iiilroycii 
eseapin,i( by F thronofi ihc snJphnric acid in (h The current was stopped 
while a considerable jxiriion of the surface of the spiral shl* remained 
imoxidised, J) closed and A slow'ly cva(aiat(‘d by conneetinLj the pump 
G ; Ihrouciiout the evacuation the spiral was maintained at a red heat- 
to ensure the absence of any iron nitride from its snrfaeix Finally. ta[)s 
K and F wxto closed, and, on eoolin;^', th<; increase* in wx'icht of the' \ <-ssi’l 
eletermined. The amount of nitrous eixide nse'd was yu\ c ii by the loss in 


we' i gilt of V. 

The d('('om])ositie)n vesse-l use-el in the e'X|K‘rimcnts with nitrogen 
jicroxidc is shown in tig. 0. It w'as first 
evacuated anel wx'ighesl ; j.>ur:' nitrogen 
jicroxide.' w’as (listilU‘el intei it, anel 
fro/cn in the lubulure The vx'ssei was 
again exhausted, and the incre'asc in 
weight, elue* to the pcreixide, w'as deter- 
mined. Th(! s[)iral was the'ii heate'd tei 
bright re’dness, anel the uitrogem peroxide 
in the tubulure' allowe'd tei evapeirate* 
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■Apparatus for analysis t 
iiilrogori poroNtde. 


sleiwly, its vapenir l)ei ng e'omplctcly ele- 
eomposexi. The* re-sidual a.itroge'u was 
then p'lrnjH'd out, tlie sjiiral being stilt 
at a red heat, anel finally the vaeaious 

apj)aratus weight'd again, afte'r eeioling. in eirdcr to eiv terinine tlie 
weight of the oxygen tixed by the' irein. 

For the' e'omplete analysis of nitreisyl chleiride, ihe pure, elry \ apour 
was very slowly h’d threaigh a. U-tube e'ontaining finely divieie'el silve'r, 
heate’d to 100'^ 500 F. ; specird e'xpe riments showeel that the ehloi'-.a' 
was tliereby quantitatively retaineel. 'fhe re-sidual nitrie eixide was 
eondueted through a seeeiud U-tul)e' eeiutamiug liiicly (ii^ ided eeippt'r a! 
the same tem})erature iu orde'r to alisorl^ the oxygen ; and tin nitreigen 
was tinally absorlx'd by melallie eaie'ium, e'onlaiiu'el in a straigJh glass 
tube licated to rexliu'ss. Fau'li ahseirptiem tube was ])re)videel wiHrsloji- 
eoeks, all eoimeedions being made by grounel-gl'iss joints aee'.ording te> 
Meirley’s medliod ; ^ and a manometer was intreidiieeel ween tlut 
second and tlhrd absorption tnbes. The* entire aj)])aratus was evacuated 
at the beginning ejf an exjierimeiit, and if tiu' experiment was sueet^ssful, 
* the apparatus reniiniK'd \ aeueais at its ten* mi nation. Perfect desieeati'^u 
of Ihe interior of the a[)])aratus was, of course, ahsediitely neel ssary ; the 
silver and eojjper were jirepanxl for use by washing witti ether and drying 
in carbon dioxide and hydrogen respectively, w'tiiie the eak'inm*was 
hi'atcd to redness in zm’wo, to eliminate any trace of volatih' im})urjly. 

(b) yoluumtric Analyaca. - X cylindrical bulb containing a^i ’livm 
spiral and connected by a capillary lube to a mercury manometer formed 
‘ iMoi'ley. tSmth’Sotiian Conirib.^ 1895, 29. 



th(' «pj)aralus used in the volumetric analysis of nitrous oxide. The 
manometer ,Avas providt'd witli tlie usual opaciuc-tflass j)oiiit, to which 
the mercury was always adjusted wlicjiever a measurement of pressure 
was re(]uired. The bulb was calibrated, and also the “ tlcad space ” 
alonir tho capillary connection as far as the zero-point ; and the volumes 
of .eas were corrected for the difference in temperature between that in 
tJic l>ulb and the small amount in the dead space. 

The bulb was initially tilled with pure, dry nitrous oxide and [)acked 
with melting ice ; tlie mercury was then adjusted to the zero-point, the 
pressure of the gas read (to wathin 0*02 mm.) and xcduced to the value 
at O'" The globe was next dried aiid the nitrous oxide decom[)osed by 
heating tlu‘ iron s])iral to whiteness ; to prevent permanent deformation 
of I lie bujb, the spiral w as rej>eatedly heated to an exceedingly high 
ti'm]>erature, but only for a few seconds at a time, the aj)paratns being 
allowed to cool considerably bctw'cen successive heatings. Each ex- 
periment was continued till further heating had no iniluenee on the (inal 
\olume. Finally, the bulb was ailow'cd to cool, packed around wnth 
melting ice, and the pressure of the residual gas observed after adjusting 
the mercury to zero once more. 

TJk‘ volumetric analysis of ammonia was indirect ; the relative 
\ olumes of nitrogen and h}'drogen which combine to form the gas being 
de duced from the densities and compressibilities of hydrogen, nitrogen, 
and the mixture of these gases that results from the decomposition of 
ammonia. The mixed gases w'cre pre[)arcd by generating ]mre ammonia 
from ammonium chloride and quicklime, and passing it slowly through 
a e^'lindrical tube containing a jdatiniun spiral heated to bright redness. 
The greater part of the ammonia decomposed ; the products passed 
through a U-tube containing glass beads moistened with sulphuric 
acid to absorb unchanged ammonia, and were dried over i)hosphorie 
anh 3 'dride. 'ITe mixed gases w’cre led into a volumcdcr, and the density 
measured as described later. 

Density Measurements. Modern determinations of gas densities 
have been effected by two methods: (i) the “globe” method, and 
(ii) the “ volumeter” method. Each of these was cm}3loyed by (hiye, 
the former witli nitric oxide, and the latter with ammonia, nitrous 
oxide, and the mixture of nitrogen and hydrogen obtained from ammonia. 

In each method tlie weight of pure, dry gas, which, at an observc'd 
lemjieraturc (ahvays 0" C. for Guye’s measurements) and pressure 
(approximately atmospheric), occupies a known volume, is determined. 
'J'hc “globe ” method has been already outlined (j). 1^0, Vol. I.) ; the 
“ volumeter ” method differs from it in that the measurements of 
})ressiire, ^^olume, and temjicrature are effected in one apparatus, while 
the gas is weighed in another.^ 

(i) The “globe” method, hrst adapted to accurate w'ork by 
Itcgnault,*'^ is comparatively simple to carry out, permits of scw'eral 
exjjerimcnts being conducted simultaneously, and furnishes results 
little, if at dll, inferior to those obtained by the volumeter method. It 
is. not necessary to employ very large globes, the results obtained with 

{ For tilt' ** globo ” iiKitliod, sen xMorloy, he. f it. ; Zeiitick, physikal. Che.m.y 1890, 20, I 
22, Jiaylcigh, Pror. Roy. Soc.^ ISO.I, 53, Fit; Ann. Ckim. 1898, [viij 

15, < Iniy, I'raihs. Ohem. Roc.^ 1^5, 87, U)01 ; Pcriiian and Jiavies, Proc. Roy. Soc., 1900, 

A78, 28 ; llauinc. J. Chim. p/iys., 1908, 6, 1. For the volumotor method, see Morloy, fop. 
cit. ; Gray and BucfeJ'mw#. C)ic7n. Roc., 1909, 95, 1638 ; Ferman and Davies, loc. cit. 

^ Kcgnaultih.<jiiHBR£n^.. 184o. 20, 975. 




■"quite small globes beings at least as eoncordaut among t lieniselves iis i:iios< 
obtained with 8 to TO litre globes. Lord Rayleigh’s aecurate (experi- 
ments were earned out with a glo()e the volume of whicli was al)()ut 
1-8 litres, while the density of nitrie oxide was irieasnu d by (jJray, using 
a globe of only ()-2()7 litre capacity. Xii their \V(jrk on the (|ensity 
nitric oxide Giiyc and Davila employed three globes of eapaeitie'; (at 
0'^ C.) 870*80, 385*01, and 817*05 c.c. respectively, calibrated by weighing 
them empty and then filled with water at 0^ (’. 

A small globe possesses the advantage that the correction neccs ,a.ry 
on account of its contraettion when evacuated is proportionally i('ss than 
that for a large globe. In (net, the only ernn that angmiented by 
employing a small globe is that due to “ adsorption ” of gas on the 
surface of the glass. 

To obtain accurate results, it is absolutely neeessary to have the 
interior of the globe pcrfeelly dry, and to ensure this, after first re- 
peatedly filling the gloh{> with pui*e air di’ied by pJiosjrhorie anhydiidc, 
it is neeessary to fill the globe repeatedly with the pure, dry gas and 
evacuate. Suceessi ve density determinations then gi\'e conr’ordant ri^snlts, 
jn'ovided eare is taken to nraintain the globe vacuous between the 
experimeirts. 

Tire contraotion undergone by each globe when evaciiari^d ^sms 
directly measured by the method suggest c'd ])y dVavers ; ^ for this 
]nirp(jse the globe was supported in the interior of a large desicK’atoi’, its 
stem passing through one of the hoI(^s in a stopper in lire desicealm* 
lid. i’hrough the other liolc a calibrated verlical cafrillary inbt was 
passed. The desieeator was filled with w%atcr and immersed in a ('on- 
stant temperature bath; tire coirti’action of the globe was obtained by 
observing how far tire lev(d of tire wari'rfell in the capillary tube when 
the globe w'as evaeuated.^ 

The gfiobes were always filled with rritric oxide at the tcmpcratur’c of 
melting ice and under a jiressure slightly in cxc(iss of atmospheric ; the 
tap was opened to allow' the pressure to fall to that of the atmosphere, 
and then closed again. The globe was then dried and W'ciglied against 
its eon I iter poise. 

'riie calculation of the results, with all necessary eorreetions, is ex- 
plained on p. 130, Vol. I. No eoiTcction was ap|)lied for adsor[)ti<»n,” 
but allowaiK'e was made for tire devialioii of the gas from Royle’s F^aw. 

(ii) Tire volnuK'ter method render’s it possible to deal ivitli laigt; 
(pianlities of gas, since the appai’atus for measuring the viMume need 
not be portalrle. The wi’ight of the gas may be determined in t'vo \vays, 
either by disengaging the gas from an apparatus which only allows [)ure, 
dry gas to escape, and dct. nnining the loss in weight of tfie ap*paratus, 
or by removing the gas from the a olumeter after its volume, temperature, 
and pn'ssurc have been determined, absorl)ing it by suitable mearis, 
and determiniug the increase in weiglit of the absorption ajrparatus and 
contents. The former method was used for the nitrogeii-hydro^eu 
mixture (p. 57) ; the latter for ammonia and nitrous oxid(*. 

The arrangement adopted by (Ju^m and Pintza is shown in fig. 10. 
The globes A and }^ were calibrated hy determining tire we ight of ^v&ter 
at 0'^ ('. that lilled th(‘m to the marks a and b. Their cemibined voriimcs 

1 Travers, Tha Experinu'M Study oj (Maoinman k Co., UHU). p. 119.* ** * 

* 6/. Baume, J. Vhivi. phy.'i,^ 1908, 6, 10; tliis ])ii[jcr contaijnf full details of the 
.experimental nietlin#}M iteneva. 
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aiijoijjitcd to iidO'J GH t*.c. 'J’Jie ‘‘ dead space ” cxtciidinfi’ Iroiii these 
niarks to the^ tap L in one direction, and tin* zt‘ro-p(»int /i of the nKTCury 
jnanoni(‘t(T ili ilu' other, was se])arately determined, as also Mas tlie 
space })etween the tajjs It, 1, and L. 

^ In copdnetin^' an exporimcjit, the absolution (nlie t', containing' 
cocoanut cJiarcoah Mas evacuated, M'eioJicd, and attached b.) the appa- 
ratus as sJjoMu. TJie a])paratus, M'hieh had previously been rinsed out 
seural limes uith pure, dry «ras, Mas evacuated, and then sloM^y tilled 
Mith :^as until the prc'ssure Mas about one atm()sj)h(‘r(‘. 'J'he i^lobes were 
suiround(-(l by mellin^' ice, and wlaai the temperat uri,* of the ^as had 
leaclK'd 0 the taps I and L M’ere closed, the nuTcury adjusted to the 
mark n, and the initial pressure of the gas accurately observed. 



fie. 10. — buyes and I’intza'.s apparatus. 


"fhe space II I L Mas next evacuated, the- taj) 1 closed, and then, by 
suitably manipulating the taps II, J., and II, tli(‘ gas was absorbed iiiHie 
charcoal contained in tlic tube C ; this tube was coirh'd in a bath of 
eth<T and solid carlion dioxide. After most of tlu' gas had been ab- 
sorlied, the tajis II and J. mxtc closed, and the pressure of th(‘ rt\sidual 
gas in the globes determined. TJic gas contained betwei'ii 1 1, I, and L 
was jnimped out and measured, and the al^ortition tube reni(/Ved and 
rcwcigd^cil. 

In calculating the results, the difference between the initial and linal 
liressures mus taken, and the densities deduced according to the method 
given on ]), KJO, ^ol. I.; Die correction for elasticity of the glass is, 
however, unnecessary. Due allowance was made for tin? fact that the 
teinperature of the gas in the dead space was not 0'^ C., and tlie results " 
were eorreeUd for tlie known deviations of tlie gases from Boyle s Law. 

• ^(hiye and Pintza considered that by still leaving an appreciable 
annofint of g»is in the volumeter at the end of an expia’iment, any 
“ adsorption ” effect was eliminated from tJieir results ; but this eon- 
elutifthtis erroneous (sec p. 108, Vol. i.). 

Keferenee ovly can be made to tlie measurements of compressibilities 
and critical constants (vide mpra). 
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Statement of Results. — Afiuhjtiml Methods, -(i) firavirncific 
analysis oi' nitrous oxido. In live cxpcrininits, 

ij-G'iGO grains nitrous oxidt; yielded 2-0451 grains oxygen. 

lienee 

N,() : 0 : : 11-015 : IG, and N -14-008. 

I'lie ])resenee of a trace; ol’ air or oxidt-s of earbon in tlie j;as would lead 
to a slightly lii^^h valin- for tlu- aloinie; wei^lit of nitro<»en. 

(ii) Cravinu-lrie analysis of nitrogen peroxide. In seven eyp'-ri- 
jut-jds, 

10-3522 ;,u’anis nitrogen peroxide- yielded 7- 1900 gra.iis uxvgen. 
llene-e 

NOa : 0, : : IG-OIO : 32, and N 14 010. 

A trae-e- of ox}\geM elis.solved in the nitrogen peroxiele would eause; the 
re-sult to be ralber low. 

(iii) Craviinelrie analysis of nitre)syl e]ile>ride. In live ex])erinicnls, 

0 G0G7 grain nitrogen was obtained and 0-G031 gram oxygen. 

Jle-iK-e 

X ; 0 : : 14-OOG : IG, and N 14-006. 

(iv) Volnnietrie analysis of nitrous exxide. Ah tlie n.ean of four 
ex[)erinie‘nts, 

1 lilre ol' nitrejus oxide at N.T.R yieldeel 1-00717 litre-s of nitreigen. 

lint ine*rease in volume- of ire>n spiral, eiue to oxielation, amounts te» 
0-30 e.e. ; lie-nee eorrecteel \’olumc of nitrogvi is i -00087 litres. i\lso 

1 litre of nitrous oxide at N.T.P. weigJis 1-0777 grams (vide infra); 

1 ,, nitrogeai ,, ,, 1-2507 ,, (Hayleigii), 

Hence 

(X/) -Xo) : X'a : : IG : 28-012, and X 14-021. 

(v) \"olumetrie antdysis of ammeinia. As the mean of three expe-ri- 
me-nts, 

Weight ejf “ normal ” litre of mixed hyehogen and nitrogen 

-0 >700 gram. 

Assuming tlie data, of oIIht observers for tlie densities and (-oi-.[}ressi- 
liilitie-s of Jiydrogen and ndrogen, it follows from tliis result fhat the 
molecular volumes of these gases are in the ratio of 1 -00057 : 1 at X.T.P., 
and 

Hg : X 2 : : 2-0152 ; 28 030, wlienee N 44*015 (II :l-007G). 

Guye and Pintzi^only attach a eonlirinatory signitieanee to this resnb , 
and tlierefore the details ol' tlie ealeulation are omiUetl. e. 

Physical Methods.- (w) Data. -A\\c values obtained for the weight 
in grams of a iiorinai litre of gas an- as follo^vs : — 


Ml, . 

. 0-77070 (mean of 5) 

N,0 . 

• l U'TT ( „ ;}) 

SO 

. i-am ( • 11 .) 



The following are the values of AJ at 0° C. (see p. 13*2, VoL I.) ^ ; 
NH3. NgO. . ’ Iv'u. 


V0-()I521 

f0-()()742 

(Itayleigh) 

i 0 00117 


The Critical constants an 

i as follows : — 




Ntr,. 

NjjO. 

iNO, 

Critical temp. (abs.). 

. 405-3° 

31 18° 

179-5 

,, jnvss. (atm.) 

. 109-(J 

77-8 

71*2 


The values for nitrous oxide and nitric oxide are due to Villard ^ and 
Olszewski ^ respectively. 

(b) CalmlaiUm of Molecular Weights; Atomic Weight of Nitrogen -- 
(i) lly Limiting Densities. Assuming the values I •4290 and +()-00()97 
respectively for the normal density and the eoellieicnt A{ for oxygen, 
and applying the formula (3) deduced on p. 132, Vol. L, we have : 



} 

1 • A'J. 

Molfonlar 

Atomic W^'igld 



WVight. 

of Nilrogoti. 

NH, . . 

0-7708 

0-98479 

17-015 

13-992 

N/) . . 

1-9777 

0-99258 

44-001 

14001 

NO . 

1-3402 

0-99883 

30-()00 

14006 

0,. . . 

1-4290 

0-99903 

32-000 

(standard) 



(ii) From Critical Constants. Applying the formula: of p. J3t, 
Vol. I., to the data already given, the following results are obtained : - 




I 

10 *(f. 

10-V). 

1 

10 

10 -ti,,. 

Molecular 

Weight, 

Atomic Weight 
of Ndrogcii. 

MI, . 

0-7708 

i 859 

170 

1554 1 

140 

17-036 

14-013 

N,0 . 

1-9777 

719 

! 185 

878 

156 

44-008 

14-004 

NO . 

1-3402 

257 

115 


1 

30-009 

14-009 


Summary of Results. Tlie various results obtained by (iuye and 
his collaborators for the atomic weight of nitrogcji are giv‘'n in tlui 
I’ol lowing table : — 



AuaJy 

ical. 



I'hy.sical. 


• 

( h-iiviinctiic Ajialy.si,s. 

Vol uinetrio Ana lysis. 

Density Limit s. 

Cntioui Coii.stants. 

NgO : 0 

1 -l-0()8 

N,0 : N, 

14-021 

Nil, 

13-992 

Nil, 

14-013 

NO, : 0, 

14-010 

N : 311 

14-015 

N..() 

]C<K)T 

N.O 

14-004 

N:0 
•(in NOCI) 

*, « 

^14-006 

(indirect) 



^ 

NO 

14-006 

NO 

14-009 


^ i” Vol 1. lor. cit., and AJ i'or’ tlio standard 

^ \ 109e. » OL/x^wski, Phil, Mmj., mC), [vj, 39 , 188. 



The mean of the three ^jravimetric values is N =14 008, much Sie 
best series being undoubtedly that relating to the analysis of nitrogen 
peroxide ; in each case the determ inati on was a direct one# 

The results of the volumetric analysis conlirm che gravimetric value ; 
the value obtained from the analysis of’nitroiis ox:dc dej)ends, however, 
on the densities of nitrous oxide and nitrogen-as well as tlie \ f>lunietrAi 
ratio measured, while the uncertainty concerning the valiio deduced tVorn 
the analysis of ammonia has been already mentioned. 

Turning to the physical results, it is seen that the mean value deduced 
by the method of critical constants is N =14-000, in close agrecim ril with 
the gravimetric value. It should be remembered, however, thal this 
method of calculation is empirical, although it yields good results for a 
number of other atomic weights (sec p. 105, Vol. I.). 

Tlie results obtained by the method of limiting densities are, in the 
cases of ammonia and nitrous oxide, distinctly lower than the gravi- 
metric value. These two gases are readily liquelied, and with su(!h 
gases the molecular weights obtained by this method are usually rather 
low', probably owing to AJ being overestimated. The method of exlra- 
polating for AJ, adopted by .laqnerod and Seheuer for ammonia, is opcm 
to criticism ; while Kayleigh s value for AJ for nitrous oxide is almost 
certainly too large, since it is obtained by a linear extraj)olation. 'Phe 
value N=l. 4-000 furnislicd by nitric oxide is, however, in good agree * 
ment with the gravimetric va]u(‘, as also is the value deduced irom the 
density and compressibility of nitrogen.^ 

Tlie experimental w'ork carried out at Geneva therefort leads It) the 
rounded-ofr value N =14-01.2 

A description of the work of II. \V. Gray ^ is now given as confirming, ; 
in a remarkable manner, the values obtained by Guye. G.ay prelerretl 
nitric to nitrous oxide on account of the close approximation with w hich ' 
the former gas obeys the gas laws at ordinary tern jicrat hits, and also 
because nitric oxide contains nitrogen and oxygen in ajun’oximatcly 
equal W'cights. 

Preparation, and Purification of Nitric Oucide. — Great precautions were 
taken to obtain nitric oxide free from nitrogen and nitrous oxide. The 
gas was jireparcd by Deventer’s method from potassim)i nitrite, potas- 
sium ferroeyanide, and acetic acid. Nitrogen tetroxide w'as remo\o(l 
by means of strong aqueous caustic )X)tasli, and th<.‘ gas w'as llu n 
passed over solid caustic potash, and fnially over phosphorus peiitoyl le 
to remove water. 

An extensive scries of fractionations wuts then porfonried m order to 
remove completely nitrous oxide and nitrogen. The crude, dwed nitric 
oxide was liquefied in a .essel surrounded by a vacuum vessel, and a 
fresh supply of gas bubbled through the liquid and condensed in a seeond. 
vessel, which communicated with a similar third \ cr.scl, so that tlie -as 
which solidified in this last container had again passed through ils own 
liquid in the vse<;oiid vessel.* The nitric-oxide gas from the third vt^ssol 

^ Bortlu'lot, Compt. rend., 1898, 126,954, 1030, 1415, 1501. * 

® For a full discussion of tli(: atoinii? Aveighfc of nitrogen, see (.iuye, iinll. Soc. vkiiu-. ’• 
33* 1 ; Cha.ni. Jslws, 1905, 92 , 261, 275, 285; HKtO, 93 , 4, 13, 23.,:<5 ; (lra\i Trm£ [ 
(Jhem. 1900, 89 , 1174 ; and for further modern work on the atoinie weight of lytrogen,.. i 
see Gray, Trans, Chem. Sac., 1905, 87 , 1601 ; Pernian and Davies, t'ruc. Jtoi/. *SV., HklO* ’ 
A 78 , 28 ; Richards and Forints, J. Amr. Chvm. Hoc., 1907, 29 , 826 ; Ricihards, ^ 

and Tiede, ibid., 1909, 31 , 6 ; Woifrtzel, Compt. rend., 1912, 154 , 1 ^ 5 . 

* Gray, TraM. Chew. Hoc.. 1905, 87 , 1601. 



now I'rcc'd from iiilroiis oxide, and was stoivtl over watc 

in a gasdjolder. After passinij the oas over solid eaiistie j)otasli am 
pliosj)horiis ]*eiil()xide, tJie f^as was snbjeeted td another seri(*s of frac 
iionations, after whieli it was possible to demonstrate eoniplete abscnet 
of nitrous oxide. 

• The il^moval ol' tlie last traees of nitroj^en was a matter of ^watei 
(lillle'nlty owin^ to the oeelusion of nitrogen ))y the solid niirie oxide. 
Althou^^h most of the nitrogen eould be removed l>y means of the 
T('»()ler pump, removal of traec's was only effeeted l)y sublimin;^' the solid 
^^as under 170 mm. jaessure, at which the boilino-;)oint and meltino;- 
point of nitric oxide coincide. Finally, tin; .solid nitric oxide was 
sublimed under a pressure of 50 nun., and the last traees of j)itro,i>en 
removed through the Tbj)l(a’ pump. 

JJctcnni nation of the Dcnsitif of Nitric (liide. Tlie density of nitric 
oxide was determined relatively to that of oxy^^en by lillini,^ a i^lass bulb 
of about 1300 e.c. eapaeity witli the ])urilied gas, after first exhausting 
the bulb by means of the Topler pump. The greatest ])reeaulions in 
weighing were taken. Thus, the .sealed counterpoise lailb and that 
containing the gas w^crc treated in an ideiitieal manner. The weights 
of nitric oxide and oxygen were then eom])ared by lilling the bulb with 
})ure oxygen under similar conditions. 

The weight of a litre of nitric oxid<^ wns found to be T8I02 grains, 
when Haylcigirs figure was u.scd for the w'eight of a litre of oxygen at 
X.T.P., hit. 45’, namely, 112905 grams. 

The exact molecular weight of nitric oxide was ealeulati'd (a) by 
using the results of Jaquerod and Seheuer ^ for the relali\'e compres- 
sibilities of nitric oxide and oxygen, and found to be liO-OOt; {h} by 
reduction to 0“ C. of the critical constants,’'^ and found to be .‘30*008. 

The physical value for the atomic w'eightof nitrogen was thus found : 

(i) Method of limiting densities . . 11*001 

(ii) Reduction of critical constants . 11-008 

Mean value . . TTOOO 

The Gravimetric Analym of Nitric Oxide, - For the purpose of very 
exact analysis, the nitric oxide w'as subjected to a third fractionation 
and sublimation. The apjiaratus employed is illustratid in llg. 11. 
Into the neck of Ihe eomlaistion Imlb A wt.s lifted a carefully ground 
glass sto})per 13 carrying Iwo thick (2 mm. diain.) platinum electrodes 
FiF. h’used to the stopper were a capillary tube and a sloji-coek joined 
to a capillary ground glass joint I). Attached to the electrodes wen^ 
learls ol^thick nickel wire supporting a small porcelain boat ll. About 
75 cm. of line ])latinum wire were (‘venly wound around the whole li iigth 
of the boat and connected with the nickel leads. Ry this arrangement 
the boat and its contents could be raised to any desired temperature by 
passing an electric current through the electrodes EF. 

13y means of a short length of ea])illary glass tulfing, the bulb A 
was cujineete^ with the nitrogen absorptioii bulb M. The latter, wdiieh 
was lilled with ])owdered eocoanut charcoal, was connected by mean.s 
of aVst-eojid gpomul capillary joint K with the rest of the apparatus. 
A stop-cock i) led to a tube connected on the one side with the T6|)l(‘r 

^ Jaqiirrod and Scdicuor, tJuU, tSoc. chim., 1905, (ii|, 33 44 , 41. 

- Coiyv* {(lid., 1005, 33 , I. 
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pump HUfl oil the other wilh the stora.^e hiilhs eoutainiu^’ the nitric 
oxide. The enpneity of the hull) A was ahotil. .SOO e.e., whilst Hint of 
M was about 100 e.e. 

In eairyin.n out an experiment the "as was d composed in llu- eom- 
bustioii bull) A. The nitrogen was eomph'tely at sorbed in the bulb M/ 


' Nitric 
Oxide 


3 To Pump 





1 1. — Oay s aj»j)ara(ii.s lor <](‘t(*rnuniii,LC tlif rtMiipitsilioii of 


wliieh contained cocoa-nut charcoal, by puHing A and 
M into communication atter ]ia\ing c\haust(‘(j llu- air 
irom the '^•apillary between Ihc ground gh'Ns joints 
K and I). The bulb M was cooled in li(|uid air and 
Mie wi'ight of nilrogen obtaincal from a gi v'en weight 
of nitric oxide in A ealeulaled, Similarlv, I nc weiobi 


ol’ oxygen taken up by the niek(‘l from Ihe nitric oxidie 
could be obtained by weighing A for ti.\! third iinu‘. 
Th<^ atomic weight of nitrog(‘n can now be ealeiilalcd 
fr()in ail V ()f the three ratios, NO : O 2 , Ng : O^, NO; Ng^ 
and as a mean of twinity-two experime .its' (Jray ob- 
tained th<' value I t'OlO. 

'i'hc density ot the nitrogen resulting from tlie dtx'omposition of 
nitri(’ oxide was obtained by sulistiluling a density biill> for M. and the 
mean of two (experiments gave Ihc valm; of I t-OOiS for the .nomie wc'iglit 
of nitrogen. 



h(‘ final eomdusion ol Gray, obtaiiual by giving each indi\idual 
result an c(pial value, is that tJu* atomic weight of nitrogen is I t‘(l0S5, 
which agixrs exeelicntly witii the value of J-t-0()90 as the result of the 
eontem])orary work of Guye and his collaborators. 

Wourl/eM in 1912 ealculatvd tln^ ratio N^ ' O.,, de.ermiiK'd fo in 
the weight of oxygen reejuired to coincrt nitric ()\ide i;. o i.ltrogen 
peroxide, and obtained 1 tiOOOS as the axerage atomic, weight of nitrogen 
from live eoneordant results. ^ 

More recent d(dermin; ’imis are in good agreement witli th(;*results of 
Guye and Gray, and tlu; accepted value oi i-t-008 may )>.« considered as 
correct to 2 or 8 in the fifth significant figure. Moles and C la.V(Ta 've 
l t-()0« from the densiiy of nitrogen pn‘pared by ignition of pure sodnim 
azide, NaNa. ^Batueeas,^ from the (hnisities and compnvssibilitic s of 
nitrous and nitric oxides, olitains the values U ()();3 and I t 000. 


^ \V()(irt/,ol, i'umpt. n.nd.^ 11)12, 154, 11.5. 

“ MuJos ami {’hvt'iu. -/. Chini.. phjf.s., 1921, 21, 10.* 
itUiicea.s, ihid., l.)25, 22, 101. 



CHAPTER IV. 


AMMONIA, NH,. 

•History. — TI r* name “ammonia ” is derived from “sal armoniaeiim ” 
or “sal ajnrnoniaenm/' terms used to designate the carbonate and 
ehhjride, Avhieh vere articles of commerce from early ages, and were 
obtained from organic substances containing nitrogen, e.g. by heating 
earners dimg or, later, by heating together uriju; and common salt 
((ieber) (see this series, \\A. II., Chap. VIII.). The terms were applied 
in the Middle Ages witli a variable significance. By the eighteenth 
century the word “sal ammoniac'’ had become fixed in its jiresent 
im'aning. Ammonia in solution was first prepared by the distillation 
of animal refuse, such as horns and bones, and hence was called “ spirit 
of hartshorn y 

Ammonia gas was isolated and collected l)y Priestley in 1771 )>y 
heating sal ammoniac witfi lime and collecting over mercury, lie 
termed the gas “ alkaline air.” The absorption of the gas in water 
had been jireviously shown by wStephen Hales in 1727, and the name 
ammonia was given to this solution by Bergmann in 1782. Priestley 
demonstraled the almost complete decomposition of “alkaline air” 
into “ inflammable air ” after the passing of electric s[)arks, and 
Berthollct in 1785 slanvcd that the residual gas consisted of nitrogen 
and hydrogen. The comjiosition of ammonia w'as determined by 
Austin in 1788, Davy in 1800, and Henry in 1800. The partial synthesis 
of ammonia by the spark discharge was effected by Deville in 1805 and 
by Dojikin in 1878.^ It was also early shown that by long-continued 
sparking of a mixture of nitrogen and hydrogen over hydrocliloric or 
sulphuric acid, a great part, and finally the whole, of the 8H2 can 
be absorbed as ammonium salt. 

Occurrence.— In small amounts ammonia is found in the air, in 
water, and in the earth. It is usually derived from the bacterial de- 
composition of animal and vegetable proteins (see p. 21, Circulation of 
Nitrogen) : this is the source of the free ammonia and its salts, which 
arc found in natural w'aters. The Stassfurt salt deposits contain 
ammonium salts, and the sulphate and chloride are found in some 
volcanic minerals. Ammonia is sometimes found in volcanic gases, 
and in the steam and water of hot springs ; here it has probably been 
derived from the hydrolysis of nitrides, e.g. in the Tuscan sollioni from 
boron nitride. The mineral struvite, MgNIl4p04, is probably derived 
from tlie decay of organic matter. • 

Source.-^Ammonia, together with organic bases, is produced dur- 
ing the destnictive distillation of nitrogenous organic matter. The 
amnidnia obtained as a by-product in the distillation of coal for gas 
wfxs Ibrinerly the only abundant source of this compound and its salts, 
aiKhsinlL furnishes a considerable proportion of the w^orld’s j)roduction. 

^ Donkin, Proc. Jioy. ^oc., 1873, 21 , 281. 
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C5aT contains aboni; 1 •() !<■> 1 (j per cent, of nitrogen. Of this, about 611^' ; 
fifth is usually recovered as ammonia. Simie is evolved as nitrogen, 
some as eyanides, and a pari, usually from ,‘50 to 05 ])er,eeiit, remains in 
the (*okv, jjerhaps as nilride. Helwet-n 1 and per cent, passes inlo 
I he tar. 

'i'he yield of {umnonia from the distillation of eoal is mueh ifiereaseiV 
by the injeelion of steam. The Mond })roeess (V>r the produetioO of 
])o\ver gas inereases the amount of ammonia about threefold ; the 
weight of ammonium snbdade reeovere<l may b(‘ al)out ,‘5 jxT eent. of 
the weight of tlie coal gasilied.’* ^ Ammonia may also he obtained by 
passing air and atomised water tbrougli peat at about tOO” C. IMie ' 
gases after scrubbing must be passed through lime to abson> aeetle acid, 
and then through sulphuric acid to form the sulpha1(\ in which form 
aimnonia is usually supplied as a fertiliser. 

'the crude ammonia licpior, obtained as a by-product in the manu- 
faetnre of eoal gas, contains 12 to 85 grams of NIIj per litre, partly as 
tile free base, partly as ammonium salts, such as earbouatc, bicarbonate, 
sulphide, thiosiiijihale, sulphate, chloride, cyanide, and thiocyanate. 
On distillation with sullieient milk of lime, the whole of these acids re- 
main eomhined with the lime, and the whole of the ammonia is obtained 
in the distillate. The usual practice, however, is to cause the salts of 
the volatile and weak acids to dissociate by heat, and to fix oiily the 
non-volatile and strong acids by the addition of lime in the e. lenlated 
amount, which is aliout ouc-third of that reijuired by the first method 

The ammoniaeal liquor is run into the top of a fraction; ding eolniun 
or tower, and heated by enclosed steam coils to about t)5'^ C., at which 
temperature the carbonate, sulphide, etc., are largely dissociated, and 
tlie CO 2 and Jf.^S almost completely evolved, l.e. to the ext nt of SO p(‘r 
cent, mid 00 to 70 per cent, resjieetively. The escaping gases are waslu'd 
with sn]])hurie acid in order to retain traces of ammonia belbn* b(*ing 
jiasscd on for treatment for the recovery of cyanogen and sulphur 
com poll ruts. 

The ammonia and .steam may be condensed in cold water, gnv'ing a 
liipior with 15 to 20 })er cent, of The residual lirpior from the 

lower part of tlie tower, containing ammonium sulphate, etc., falls into 
a vessel containing milk of lime, and the ammonia evolved is dislilled 
in a (‘iiiTont of steam. 

The rerphred amount of milk of lime may also be added to tlie 
original lirpior, and the ilistillate purilied by passing through . rce? ifying 
tower containing a paste ol^limc and ferric hydroxide. 

Th(^ vapours of ammonia and steam from any of these proc^ '>ses arc 
more commonly absorber' in snlphurie acid — lirst 20 per eeni., then 
00 per cent. — and on cvajioratiou yield a good grade of ammonium 
suljihate. 

The world's production of animonia obtained as a by-product from 
coal gas and cokc-oven gas is between one and two million tons. The 
poor yield of animonia in cord gas or eoke-oveii distillatioii with by- 
product recovery can \yc accounted for {a) by the iiiiTogen which 
remains in the coke, and (b) by the loss of ammonia tirst formed. \V}ii1e 
(a) is proved to be a. true cause by analysis, experimental evidence has 

^ Moiid, Ktiglish PiUenf, 12440 {189:5). ^ ^ 

“ la ooke-ovon diatilliition with by-imutuct ri'covory, from 70 to 00 lb. of amnioni\im 
flulphatc por ton of ctiiil can bo obtairn'd if ammonia recovery be t ho*piiiK*ipal object. 
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tfiso been adduced in famir of {h) as an important, cause. The re- 
actions whicli prociced between a ])orous eok(\ its ash, steam, and 
ammonia jv’e somewhat. eom})lex. It is known that up to 1) per eent, of 
water added to the coal increases the yield. It may be effective in this 
nspeet by lowering’ the temperature, by diIutin<T the ajumonia and so 
•de(‘reastno‘ its activ e mass, or by liydratini^ and so protecting the niole- 
eul’es. A})ove 0 per eent. of water deerea.ses the yield. The catalytic 
deeom])ositi()n of ammonia by the substances wliieh will be present in 
a coke oven hae Ixam investigated by Foxwell,^ amt the reader is referred 
to his paper for a complete account. The maxinuMn ainount is formed 
in the cok(‘ oven at about 800'^ to 5)00'’ ('. 

It was shown 1)y Itamsay and Young - that ammonia is eotnj)letely 
destroyed when passed through an iron tube |)acked with porcelain. 

'fhe equilibrium amounts of ammonia which can Ik* formed from 
eoke-oA'en gas of a\erage compositi(ui may be calculated from the 
Haber equation, and are quite low, namely, O-OOIlt per cent, at 800'’ 
The problem, therefore, is to destroy as little as ]) 0 .ssible of the ammonia 
produced by distillation at the optimum temperature. Although pure, 
dry ammonia begins to dissociate at C., and the decomposition 
temperature is considerably lowered by the pre.s(‘nce of orgatue matter 
or .waler,*'^ yet since this dissociation is not in.staritaneous, but takes aji 
apjwt'ciable time, sullieient undissociated ammonia will be left, to gi\e 
a fair yield even at the higher temperatures. The V(‘locily constants 
for the deeom[)ositioii in the presence of coke liavi* be(*n d(*t(‘rmiiu.‘(l by 
Foxwell,^ The reaction is found to be lamolceular, and the constant 
'' k '' derived from the equation 



is ()-()0015 at 520° C., rising to 0-002t5 at 755° C. and 00057 at 850'’ (’. 
A miicli smaller (constant is obtained with ammonia which is in contact 
with silica brick alone, b»it a largc'r one if the brick is high in iron, some 
sam|)k‘s giving a constant about six times that found in IIk' presene(‘ of 
coke (at 755° C.j. Iron, originally present as oxide, powerfully catalyses 
the decomposition, as it docs also the formation of ammonia, (see p. 1.08) ; 
but iron added in the form of pyrites has not this effect, since it is con- 
verted into ferrous sulphide, and not iron, during the distillation. 

Preparation. - The method used by Priestley is the most eon- 
venient. Either ammonium chloride or sujipliatc may be used Thus : 

CaO f ‘iiMI/'l -CaCl.> h^NIIa pH^O ; 

CaO I (^HIJ.,SO, rXaSOVfNHg+naO. 

'The gas may be dried by passing over quicklime, and is eolleeted by 
downward displacement of air, or over mercury. 

In order^to obtain a higher degree of purity the following procedure 
may be adopted. Tlic gas, pref)ared as above, is first led over lime at 
i ,rcd heat, then a])sorbed in l>ydrochloric acid. The n'crystallised 
unmoninrn chloride, now free from organic bases, is mixed vvitli an 

’ Fox Well, J. Hoc. Chem. I mi., 1922, 41 , lltT. 

.S(T The (UirlHinmUion of Coal, L<*wes (tUsHn, 15) 1 8). 

** \7ulterck, Cornpt. rend., 15)08, 147 , lOO. 
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AMMONIA, >rH3. 

excess oT pure lime, ^rroiin’d in a mortar, }))a(;efl in a distijlation llask and 
eoverecl wiili caleimn.i The neck of lli»‘ flask is sealed. Wlirn heated, 
it evolves a sfeady stream of ammonii; eontainitiii; as imjfiirilii's only 
air and water. Tins is then led throni^h a loii;.. tnl e ecmtaininn an- 
hydrous [)arinm oxide and potassium hyilroxide, ami linally 0x 04* sodium 
wire I0 remov{* the last traces of water. TIk' air aial liydronvii art* 
retnoved ])y TraetioJial distillation under dimiuisuetl pressure and at a 
low Itaupt raiure. 

Pure ammoiua is also ohiained l>y ixently iieatini*’ sodium amniijie, 
an addition (‘ompoimd which is obtained when metallic sodium is dis- 
solved in litjuid ammonia and is left as a red mass wheii th'* ammonia 
evaporates. Another mctliod is to droj) watta* on eah'ium or ma^nt sium 
nitride in a suitable apparatus. Th<‘ or^^anie bases which are prestait 
in eomniereial ammonium salts may be dt^sl roved by heatinj,^ with 
nitric acid or pernian^ranate. The remainin<r salt is then heated with 
lime as abovt'. 

Amonir other reactions by which ammonia or its salts are [irotiueed 
are the rollowin^^ : - 

I. Idle reduction of compounds of nitro<>en, such as nitrates or 
nitrites, with nascent hydro<ien, jirodueed, for (‘xaiujile, from zim? and 
acid. 

‘2. The acid hydrolysis of acid .unides and oilier compounds eon- 
lain in, i»‘ I he - Nlloand -Nil - .groups resjiectively. 

Jh The hydrolysis of tlu' nitrides and eyanamidi's of ni' tals, and oi 
such non-metals as are eh'ctro-positivc to nitro<;en.- Thus ammonia is 
prepared in (juantity by the hydrolysis of calcium cyanamidc*. whieli is 
iirst wetled, Ireati'd iu larire autoclaves with steam at .‘t atmosphen^s lo 
decompose any carbide which may be [irescnt, and then hydrolysed with 
steam at 11 atmospheres an<l ISO'' ('. Thus; 

( N.NCa t yllgO ^ CaC'Og f 

4. Direct eombinalion of nifroya'ii and hydroj^en (see [a 1)5 .svy/. ). 

5. Decomposition of many organic compounds containini^ nitrogen 
in llW'**f)Tt'seji(‘e of concentrated sulphuric acid, and the other subslances 
sp('cilied in the K jeldahl analysis for combined nitrogen. 

Physical Properties,- -Dcy-s/V//. The earlier delcrminations ,y;o e 
rather low results. A more exact value, O-aDOT (air =1), found l)y Ihot 
and Ara^^’o, wjis afterwards eorrech-d to ()-,>l)71.^’' * Tlie wei^di' of 1 lit re 
of air at N.'JMk varies between 1*2027 and 1*200.4 orams (sec tl is series, 
Yol. VII., Part L), TJie eorres[)oiidin^f mean weight of a “ fiormaJ 
litre ” of ammonia is 0*7708 grains. Sinei; the density of air rciatively 
to hydrogen is 14*44, that oi ammonia is 8-02 1, and the ealeulated 
molar weight is 17-4 (O, -32), which is greater than the true molar 
weight, 17*0;32, 011 account of the low value of the jiroduet pv foramme.nia 
at N.T.P. As iu the ease* of other easily eondeiisiblc gases, the com- 
pressibility at ordinary temjKU-atures and moderate [m^ssuns is greater 
than that whicli eorrcsjionds to Doyle’s Daw. The product Pe increases 

^ Mosor and Herznec, MonaUh., 1023,44, 115. 

“ A very pure jjrodiud., containiiij^ only a Iran* .»f hydrogen as itui»niily, is obtafjK'd 
by allowing tbo nitiuh'S of oaleiuin or miigm^siiun to drop into waU'r {i\ioyt>r and lb 'zner, 
MonatJih., 1923, 44 , 11 . 5 ). 

’’ b('diie, Compt. mid., 1897, 125,571. 

* (!uye and Pintza, ibid., IIKIS’, 141, 51. 

VOL. VI, : I. 
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witli diiiiinuLioii of pressure; il* that at p J ’al niosplierc is taken as j 
(at TO"' at a i atmosphere it becomes S? 

Jlence the \ ahie ol‘ a, as <>’ivcn by the (‘<.|uati()n 

^ , JV’o: 

}W'o(P vJ 

is 0 ()]‘26t’ or 0 01257.2 

The eoetlieienls “r/” and “ />’" of van der Waal’s equation, which 
express the deviation from tlie j^as laws in tenns of a eoeHieient of 
moleenlar attraction and of the vohmio neeupied by the molecules 
respectively, are l.'h.SOO and 211 (s(‘e this series, Vol. L). 

Thermal Expansion. — The eoellicierjts of expansion ‘‘a” are as 
follows over the temperature intervals specified : — ^ 

/ C’. :: 20 to 0 0 to f 50 0 to ( 100 

a 000;3914 O-OOOSot 0 00.3cSI7 


SPECIFIC HEATS OF AMMONIA. 


'r<ni}H'iajiiic. 

Mul.u’ ll'-at al ( onslaiit 


I'lcssurc, (' , or at 

I' 

Aultioritv. 

( 

( 'onstaiit A’olunir, . 


" 

100 

C'„ = H-tt 

Wiedemann. Poipp Annaleu, 1805, 

157,1. 

200 

!>-50j 

j i 

1 C„.-= S-71 

Partintilon and Shilling’, The 

1 ! 

1 

SiHrifiv Hf'dts of (uisrs (lii'un, 
1021.). 

18 


Voller, Dis.w Jitolhi, 1008. 

1127 

tV-H-8'i\ 

Ihuhle, Zt’itsch, anor^. ('hem., 1012, 

1027 

1 

(',,--’14^/ 

78, 150. 


The ratio of the speeilic Iieats lias been iktermined at varhais 
tem})eratures with th<! followint( n'sults : - 

RATIO OF SPECIFIC IIEATS, or y. 

C»: 


Tcm)KTatiJiv, ' ('. 

\’jiiup of y. 

Authority. 

!■__ . . 


r 

Wullner, WiaL Ann., 1885, 24, 454. 

0 to 100 

1'26 to l.:i2^ 

Muller, her., 1888, 16, 214. 


1 

Muller, ibiil, 1885, 18, 04. 

1 h5 

1430 

Partinjrton and ('ant, Phil. Mag., 

i 

1 


1022, [6], 43,800. 

20 

l-.‘30 

Seliweekert, Anp. Phpsik, 1014, 



[4 J, 45,918. 

20 {1 atm.) 

1*80 

Scholer, ibid. 

' 20 (jVJ atm.) 

l-ll 

Sehbler, ibid. 


‘ 10 )yk'ij;Ii, /Vm7. Tran.\, UlUo, 204, IJol. 

* J<u{iu*r(Kl and Si'lipiicr, CompL nnd.^ ltKi 5 , 140, KtSl. 
^ Permaii, Proc. Hoy, Soc., 78, fA], 2S. 
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I'he rhaiij^o of speciiic heat with U‘m|VTatiire has bec'o the suhj(‘(*f of 
niiieh iiivTstioatioii in eotincctioii with ttn* nitroffen-hydroLfen s\ ntla sis. 
As is usual with polyatoiuie /^as(‘s tiu* iuerease is rapid, aiuVis ex()r(‘ssed 
by an equation of tJic form 

f //r l-eT-^. 


The followini^f equations have been su‘f.<;este(i 


C:„ -7 0284 O OO.-miT 0 0,i50()T3 I ()'(\72T'‘ . . (1)^ 

:8 ()k5 I 0 <)007T f O Os^irr .... (‘2) “ 

(;,, 7-501 f000878Tf(H).AU^^^^ . . . (0)'^ 

C,, 8-C8G -I O-OOk^^ktO-Og'lU/- .... (1) 

(;r- 0-(i.50 f0-()()l(i,5/ I 0-0r;i85/- ... ( )) 


Kquations ( 8 ), ( 4 ), and ( 5 ) are dedueed from the most probai)le value 
of C’j, at 15 "^, and from ihe value t)f | ^^2 NIl j)^ which, when 

intrf)dueed into the Kirehhoff e(|ualiou. 


find 


d(h 

(If 




(I loff Kj, 
(h 


. Q/RT2 


(int<‘ 0 ;raled forms). 


satislies the ex p('ri mental values of (^j, and Kp, 

The riscosilics y of ammonia and air are oiven in units. Ilio^ e 

in brackets beini*' ealeulaled with the aid of Sutherland's eonsiant, 
wliieb for air is 1 17 and for ammonia, is » 87 (). 


VISCOSITIES OF AMMONIA AND OF AIR. 



tj : ' 10 ’ Air. 

>1 :< l(d .Atimioiiia. 

Authoniy. 

0 

1-724 

( 0 - 948 ) A 

Rank'ine and Smith, Phil, 

15 

1-799 

4 /dg., 1921 , [vi|, 42 , 

100 

2-101 

1-808 J 

001 . 


From these results it may be dedueed iiiat the collision an a, nameiy, 
477 /-, of the ammonia moleeiile is 0 - 04 X 10 “'^ (ein.)% ai.d the diameter of 
the molecule is 1 - 4 x 10 “* cm. 

Refractivity. — The refractive index, no, for the sodium line is 
1-000878 according to LoiCiiZ,* and 1-000870 according to Mascart,^ 
Values liava^ also been obtained at different wave-lengths A as follows : - 

Wave-length, A, {mfjL) 480 540 050 480 540 071 

Refractivity as (/i- I ) Rl-' ™ 890 * 887 * 88 ‘ 2 * 888 * 879 * 874 * 

The ifpectrum of ammonia consists ol' a bright cctitral maximum at 
A-~ 830 /x/a, a secondary maximum at 837 vl, and a number of linqs 

1 Nornst, Z4tsrh.. Elcktrochem., 1910, t6, 9i». Haln-r, ibid., I‘)14, 20 , 597. 

^ Shilling, 2'mns. Faraday .S'or., 1020, 22, .‘{9(1. 

’’ Hruhl, Zritfrk. phy-sikal. Vkem,, 1891, 7, 25. 

^ kniva and Patkowski, Krak. Anz., 1913, j). 4.94. 

® 0. aiul M. (hithbi-rtaoii, Vhih Tram,^ 1913, 213, 1. 
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in ,<»Toiips of thrrc, whicli (‘xtrnd to m VonsidcTJible distarvoe ii 
ciUicr dinction. Tlio sju'clnim is practically idciilical with the P 
of tli(‘ solar spcctPiiii : laaicc the presence ol’ annnoni/i in Hie ahsorhin^ 
atniosplierc of the sun is (l(‘linitely estahlisliedJ 

Chemical Reactions. Annnonia is not oxidised hy alinospluTic 
o'.\\iji‘n »>r mild oxidisin*^- agents at ordinary lempiTahires, and even 
Avlaai iynih'd in air, the heat ol’ eoinliination is not sidlieient to maintain 
a Jiamo.- It will, however, hum vi<»orously in oxygen with a greenish 
y(‘llow llaine, iorniing water and nitrogen. A slow eomhustion is 
cfleel( d l)y passing sparks tlirongli a mixture of ammonia and air.^ In 
this (‘onneetion it is to Im* noted that ammonia itself is almost eom- 
plc'tcly (leeomposed hy the passage of electric sfiarks (see p. 02). It is 
also completely decoinjiosed hy ultra-violet light. When the gas, sealed 
into ([uartz tubes, is (‘xposed to this light for six hours, the decomposition 
is so eomplett- that no undeeomposed gas can he deteeted by Nessler s 
reagent (see p. Dt).^ 

Oxidation jirocecds at a much lower temperature in the presiaicc of 
catalysts, and may then take a different course, leading to the formation 
of oxides of nit rogen, nitrous and nitric acids, and tlieir ammonium salts. 
Among such catalysts are nickel, iron, eo[)per, also manganates and 
permanganates.'’- 'flic most (‘flVctive and useful catalyst is platinum; 
the Ihu'ly divided metal acei’leratcs the oxidation to water ami nitrogen, 
while the smooth or compact metal leads to the oxides.^- This 
reacti(ni has been studied^* from the poini of view of technical a})pliea- 
tions.^“ 'I’Ih' tirst product of the reaction is probably nitric oxide, which 
is eonverti'd into the peroxide and then by wat(‘r into the acids. 

The “preferential ” conibustion of the hydrogen in ammonia when a 
delieiency of oxygen is used may be represented by the e«pjation : 

tMfj b;302:-2X2TbHoO, 

which represents only the end-products. Put the mechanism is con- 
siderably more complex, as is shown by the fact that fo'c hydrogcai is 
commonly found when IIktc is a (h lieieney of oxygen, and o\id(‘s ol 
nitrogen when there is an excess. 

In the combustion of tlie theon tieal (piantitif's gi\'en abov(\ .5!> per 
cent, of nitrogen and tl per e(‘nt. of hydrogen art? found in the gaseous 
])ro(liiets.^* This is aeeountt'd for by tlie intermediate formation of 
di-iir>itle or hydra/ijie. Tims : 

2X11.5 I O. [ 2I.T.O; 

tXlIa j 0. 2X,li, I 211/). 

The results of tin* (‘xpiosion of ammonia witli eJeetrolytie gas are some- 
wbat similar. When the ratio of the gas to anunonia is higlicr than .*), 

^ Fowlt'r arul <'n‘g()iy, Vrot'. fiojj. Snc., 191. S, 94 , [A|, 470. 

- Iloftnaim, Annalru, ISOO, I 15 , 28.'t. ^ Ofwrvrd bytlcift y, 182"). 

Cofhn aiuf I’rifigrnt, Zi Il'ich, hJklfrochfnii., 1914, 20, 27.'». 

• '' flu Motay, her., 1871, 4, 891. ® Sflivvarz, iJinyl. pobf. J., IS?"), 218. 

tVibcrcinor, Aumilcti, 18.82, I, 20. " Kulilmaiin, ibid., 18.89, 29, 281. 

“ K-hontxiiu, praht. hheni., 70, 129. 

Kraut, Annnkn, IHC).^), 136, 69. O.stwald, hmjUsk hib nl, 698 (1902). 

itiytT k (.’f)., hfif/lidi halenl, 1 8.794 (IJKKt). 
iSfhmidt and I^ickor, Jkr., 1!)0<>, 39, 1.866. 

Muller, Ztilsrh. phynikal. Chm. VnUrr., 191.8, p. 160. 
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the animnniii is eoinpletely decomposed. Wiieii the ratio of aminoniu 
to the .<ras is lower'than l-O, oxidrs oj iiitro<jfeH are fornud. ' 

Gaseous ai-uuonia is oxidised to water and Iroyeii by Tnany oxides, 
as, for (example, by copper oxide. Chlorine nv a oxide and iodiiK' pent- 
oxide oxidise it with separation of the* haloi^en, set iiium didpvide with 
separation of selenium. “ Ammonia is also oxidise-l by oxidus of 
nitro.n(‘ii : wlien the ^ases are sjmrked or heated together, The liydroMcu 
is oxidised and nitro«|en is separabxl. The read ion in I he Case of 
nitroi^en dioxid(' is violent even at lower temperature's.'^ 

In aepieous solution, ammonia, is oxidised at tlie mode duriiiii' ilu^ 
elect rolysis of its salts, also by jHawerful oxidisini^ age nts such as ehloriut'. 
bromine, ozone, hydro^'en peroxide, ehroniates, a!id ])ennan^aiiatcs. 
Tile main product of oxidation is usually nitrooen. Under spe'eial eon- 
dilions, and partieularly in the jirescnee of catalysts, nitrite's or nitrate's 
may be.' Ibrmeel. This is the ease, for exaiujih', durin.i'’ e'led mlytie 
e)xielatie>n in the jn'esenee ot euprie e>xide; and alkali,^' ’* e>r during ovidat ion 
by atme)s])herie oxy^^vn in Die pre'senee eif e/uprie oxiele, alsei of mdallie 
ce)p[)er, irem, or zine*,'*' ^ or of hye{re)«,^en pe'roxid(.','‘‘- •' or of moist ei/one : 

tNIl^ I rO^-NiliXO;, f-Xlf.NO, 1 TO, {-2II2O. 

The more e'te’etro-n<‘,l>•ati^■^• non-me.'ta)s, chlorine, bromine', .‘uid 
suljihur, readily e'ombine with the hydroi^e'ii of ammonia. 'ITius 
e'hlori.ie^ oxidises ammonia, le) free* nitreiiien and ammoninm chloride 
In the we'lt-kneiwn lecture' e‘X[>e'rime'n( hy wliieh the eomposili'.xi e.)f 
ammemi.a is ele'monstrale'el, an exex'ss of ilu' latte'r is aelelt'd to a. measured 
volume e>f e lileiriiie, and oiie-tiiirel of this xilume of iiitre)ir('i, is Ibrmed 
Tims : 

2X11,. I ;U'J, No GJICl, 

lblle)A\ ed hy 

OflCl i (iXII.,. dJXFIiCl. 

This re'ae'tioii jireibahly proee'cels thremi'h Die inte rnie eliali' formaliou 
of XCl;,. Siiie'c the reaction taki'S place whe n ben l» nase's are auliydieai'- , 
the ue'xt step is luit ne'e'e'ssarily tlie hyelrolysis of this e'ompouiid, but 
rather e-emsists in Die' iuterme'eiiate preieludiem eif XCl.j.IlCl, wliie*h IIm'u 
reacts with hydrodiloriet acid, losing ehleiriue'.*' 'J'lius : 

2 XII 3 i ;KI.. liHCI t X.,; 
dXTI., 1 OCl., (iXCbj-l l^llCI • 

.‘{XCia.llCI I tdICI yXll.CH ‘)C1.,A‘^ 


' I’arliii^lcei aiiel I’lini'c, Trmt.H. (Jhent. Sac., lHHS. 

“ IljMe’, JixlL iSo<'. rhiin., IsTa, |lij, I3, 311 ), 

Ik-sso iuul lio.s.se'l, Coniffi. u nil., lOOl), 1^2, ei.’ilt. 

‘ TnniiK' ;nhl lUlt/., lUr., (Dot, 37, 31.30 ; 100,'), 38, S2<S. 

•’ MnlJe r and S])itzer, ibid, lOO'), 38. 718, 1188. 

Low, -/. pmfd. Whvm., 1878, [2|, 18, 208. 

■ Sctionhcin, Ikr. Ahul Her., ISol), (). 080. 
llnpjM!-S(wl<'r, lin\, 1883, 16, 1017. 

■' WVidi and WT-Ixt, ibid., 187 i, 7, 17^0. 
trofniani!, ISOO, 115, 283' 

" Moyt'.s and Maw, ,1. Amr. (flam. Suv., 1020, 42, 2107 ; Noy«*j^, Add., 1020, .^2* 2173. 
Aeerording to Ilu- I'le'clron thcMi-K-.s of valr-rie-y, N('In its a'fovalriit exinipiMmif tlu‘ 
ftim- chlorines boin^r uniitMl hy eln]>le-ts, e^xae-fly as tlie livelro^renH in aianmnia* iei Idth 
compounels (he h»nc pair on t.h<> nilro*4cn aloiei is available for fiullu i* •ond.iiiatiueu i^ivirn^ 
m the present ease* NCla-HCl. bVr also p. 14 . ■ rt 
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Iodine in Jiqoeou.s solution «rivcs Mlg.NI., (see p. 1 1(>). The vapour 
ot phospliorus wIk’u jiassed AvitJi aninionia tJiroii^di a reii-liot tube oiv(‘s 
ill resell and jiliosphine.i Sulphur vapour ^nves nitro^ren and aiunioiiiuin 
Mii|)hi(Je. Carlmn at a red heat yields aninioniuin eyanide.^ ' Horon 
epiubjue.sr with tlic nitro^nai to form the very stalde nitride, BN. The 
nu tr.ls ^^old platinum, sil ver, and copper decompose ammonia into its 
elements Iron Ibrms a nitride in addition, as also do chromium and 
other metals (see ]>, 48). 

AV/>/n«r///en/ of Since ammonia is the hydride of a 

■stronnly eleetro-iie^^atjve element, it mioht be supposed that at least 
ou(^ or jieihaps two of the hydrogen atoms would exhibit an acidic 
t uu.u ei and be replaceable by metals. The rcsultini,^ conuioimds, 
some ol wlueh are known, are called amides or imides respectively and 
may lie considered as salts when the metal is stronirly electro-positive, 
a tiiouoh the same .i»Toups [)lay a ])ositive part in the amides and imides 
oj non-metals, and of inoroanic and or^mnic acid radicals. 

The amities of the metals may be formed under the followimr 
eonditjons ^ 

(1) By jiassin^r ammonia over the metal heated to a suitable tem- 
])eratnre. 

ihus, sodamitle is prepared })y j)assin.if a current of dry ammonia 
o\cr sodium liciitod lo liotwccn :«)(»■> mid lOO" C. iii ji nicker vessel : 

2Nli 3+2 N;i =2NH ,Na -|. lU. 

It is 11 ivliile solid which melts at J55“ C. and is hydrol,\scd hy water 
k’"'."': iiiid sodium hydroxide. The amides oC potassium' 

rnbulmm, and hariuin may he made hy this method (see tJiis series’ 
Vol. II,), ’ 

(2) By warming' a solution of tJic metal in liquid ammonia. In t hese 
reaetioirs an ammine, such as KNIl.,, Ca(NH3)„ is first formed (sec^ this 
senes, \ol. X,). On warmin^r, substitution of h^nlroMen takes jdaee. 
Ju this maimer the followiu^r amides have been prepared: NaNlI., •’* 
LiXIIs amI CVi(Nn2),,M<NIl2,'‘i 

(*3) By the action of ammonia on the hydrides. The amides of the 
alkrdi metals and harinm have been prepared in this manner.^- ^ 

(4) Amides may also he prepared by double deeom|)o.sitiou in liquid 
ammonia, notably siher amide, AgNIlg.'^’® Dry ammonia reacts with 
halides of many non-metals and their oxides (haiaiihydridcs and halides 
ol oxy -acids) as it does with those of or^fanic'acid radicals, i^Wiujy amides 
and ammonium chloride. On further heatiiijtr, these amides mav pass 
into imides and nitrides, or these changes may take place (piiekly with- 
out any jiossibility of isolation of liie intermediate compounds.® 


^ Biiieau, Ann. ('him. I8;i8, [2], 67, 22r) 

“ Jvul.lin.nii, AnmlejK 18 H, 38, 02; lainglois, ihU., 18 t], 38^04; Well, /i, .11, ibid., 
looi, 132, 224 , 1 ’ 

» Jyaniiis, dompt. rmd„ 1891, 112, 81)2. * Moi.ssaii, ibid., 1898, 127 885 

Jnaiikhii and Ht.iiford, Amrr. Chcni. J., 1902, 28, 82. ’ 

! f.'"'™""’ W’ ’36. 'WJ. ' Kuff and (Jekd, Jin., 190,5, w »‘'8 

traiiklin, Antsch. (inorff^Af.m., 1905, 46, 1. 

" coTiqiouiids luv UNimlly under AinidcH, etc., of tlio eloinent in that 

ot this soru's winch deals ^tli the Hpjiropriate group, e.(f. 8i(NJf,). and Ni(NH,), 
' ^-i' 'r- !>nad(fs, iinidi's, art$,iiitrides of phosjihorua, arsenic, and antimony are 
joeenbed in Part JI. ot this volume, r ^ 
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nvamoffs with v/r/^/.s\ Ammonia forms sails tn several ways, vi/,. :♦ 
(1) JU' (lireet addition of to a Jkydr ieid or oxy-aeidd Tlic 
formation of salts bv this method is ]>est exemolifled by ♦lie lialides. 
Thus : 


Nll.>d IIX 


The solid salts are anhydrous; tJiey ean lie sublimed with dissoeiation 
in the vapour phase and nrombi nation durin«- eondensation. Diliasie 
aeids in exeess j^ive aeid sails, such as NlI.ilISO,. llydroi^en llnoridc 
behaves in tliis respeet as a dibasic aeid, and NUjlMIK is h/rmed by 
tlie exlensive hydrolysis of IIk^ salt, Nil 4!'’, on wavminj^r. (iaseous 
ammonia combines with ^^aseous earlion dic/xidi; lo j4i\'('. ainmoifmin 
carbamate, Nllg -('0 ONH.,. With hydro<ren sulphide, crystals of 
(Nll4)2S are obtained at - bS'" and of Nll^IlS at O' ('.■* C'om- 
pounds of ammonia with weak acids are eoiivenienlly [irepannl by 
interaction in orj^^anic solvents. Thus, Nil J IS has beiai jirepared in 
dry alcohol and ether, and the eryslalline ahsiholalc, (NIl.doS.b/oH/Hb 
in alcohol.'’ 

(2) Hy the neutralisalion of aqueous ammonia with iieids, and 
subse(iuent evaporation and crystallisation of the sails. The major- 
ily of ammonium sails may be prepared in this mamun’ in aqmoiis 
solution. 

(*5) ]5y double decomposilion, with separation of a less soliibl' 
salt from the n'sultin*'- salt-pair. Ammonium salts crystallise usu- 
ally in an anhydrous condition on evaporation, and are more or 
h'ss decomposed with loss of ammonia on loni;' boilini*- (sec this serii's, 

Vol. II,). 

The Decomposition of Ammonia. As has already been nieii- 
tioMcd, the deeomjiosition of ammonia into its - lements. like its forma- 
tion from tiu'se, is greatly accelerated by the pr<‘sencc of sea’id surfaces. 
Jneandesccfii wires of various metals are particularly eff;M-tive in this 
respect, no doubt on account of llu* fact that tiu ir surfaces adsorb 
hydro^nai in an aelive, jirobably an atomic, form. This decomposilion 
presents some points of interest in connection with the theories of 
lieterogcneous, or ^as-solid, surface nactions. On a hm.i^sten wire at 
850'' (’. the reaction is unimoieeular at very low ju’essures — that is, it 
conforms lo the requirements of the equation 



The active mass of the tras is that which is adsorbed on the surface, and 
it may be assumed that as lonjf as this is nol completely covered the 
active area is jiroportional to the pressure, i,e. to the conecutration. 
At hi<^dier pressures - 50 mm. or more the reaction is found to lie of 
zero order; in ot^icr words, it is indc[)cndcnt of tlu* jiressuro in the 
pliase ; under these conditions the surface is supposed to bp eom[)leLely 
covered. 


^ '.rijo ingHHlioiits must iu>t Imj absolutely dry. »Si.*o ili.scus.siou 'Ui dissociatw)U of 
NII4OI (this Horios, Vol, II.). 

^ Biiicau, .law. Chtni. 1S;>8, 67, 230 ; 1838, 68, 435 ; 1830, 70, 261. 

•' Trooat, Vompt. nnd., 1870, 88, 1267. 

* Thomas and Hiding, Tram. Chun. Soc... 1923, 123, 1181. 
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‘ The uccojiipositioii of niinnoiiia on ti licaicd j)latininn wire at a])out 
1000° C. jjroeeeds Avith ^n‘eat velocity at first, then falls off rapidly as the 
h\(lroLren aeeiinsulates, and the reaction j)rocccds at a rate ijnersely 
proportional to its partial jwessiirc. Thus : 

cmi,) /4Nn3i 

dt [Hj * 

Tills enVet is not due to the active mass of the hydro, L»(‘n in llu' homo- 
tjeneons ^as phas(‘, hut is connected with the f-et that hydro, ifcii is 
stronirty adsorlied cv(‘n at low pressures on the smTact', which soon 
heeonics saturated, and tJuis prevcjits the ammonia mohrules from 
cojiiin*,^ into dinct contact with the reactive surface except through a 
layer of this hydrogen.^ 


Liquid Ammoxia. 

History and Physical Properties. Ammonia was first li(pieli(‘d 
l)y Faraday, who heated a com|>ound of silver chloride and ammonia 
contained in one liinh of a hent tuhe, tlu^ other limb being cooled in ice, 
Ihmsen showed that it could be liipielied under atmospheric pri'ssuri' in 
a good freezing mixture (ice and calcium chloride), and hence gave an 
estimate of its boiling-point, whicli lias since been determined by many 
investigators. 

BOILING-POINT OF ANHYDROUS AMMONIA. 


bniliMi'-point, ' ( a( 
Normal JVrssmv. 

Autlioritv. 

-88' 111 

(iibbs, J. Amcr. Chem. Soc.. 27, 851. 

88'2 

Itrill. Dnidc's Jniialcn, 100(1, 21, 170. 

88-0 

Perman, /Vor. Uoij. Soc., 1000, 78 A, 28. 

-88-0 

Hamne and I*errot, Arch. Set. phifs. tint, (utteve. 


1011,32,02. 

88' tl 

MeKelvv and Tavlor, II.S. Hurenu Stnndards^ 


1028,40.5. 


The fuclting-puini oi‘ siAUl ammonia has liecn variously givTu as : 
-78*2°, 2 -77-7°, and -77 0° VJ 

The specific heat of liquid ammonia has been determined with the 
following results - 


^ ^ tliiisliclwood and OiirU, Tntns, ('hun. Sin\, 102.'), 127 , 1111, IIK). 

- Ifaiiinc and lV*rr.i*t, lni\ f it. (soe ’I'aMr). 

*'* M(‘K(>k y i»a<t Tii.vlor, he. rit. {so<' Tahir). 

* .lli il), lor. rit. (.srr 
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SPECIFIC HEAT OF IIQUID AMMONIA. 


IViiyKT.'Uurt 

Ink'rvaJ, 

Sp('cili(‘ Ifoat. 


Oto -l- JO 

0-88 to 0-8!) 

Ludeekinjr aied Starr, .Inicr. J. Sri., ' 




180.3, 45, 200. 

30 to [-02 

1-22870 

V. Stromb(‘('k, Frtnikl. fust., ISOl, 




p. 131. 

0 to d 30 

1-0200 

Ellean ajid Eiuiis, Frankl. Inst., 




1808, p. 115. 

-18Sto -103 

0-50 


Dewar, Fror. Roij, Sue., H)05, A76, 




375. 

-to 

0 

1-051^ 
1 -000 


Osborne and van Dnseii, ,/. .Inirr. 

1 10 

1-1 02 J 


Chen}. Soe., 1018, 40, 1. 

0 tu j 20 

I-I52 


Keyes and Habeodv, A}nei\ Cheni. 

1 20 to j 50 

1172 


Sac., 1017, 89, 152 k 

[ 30 

M08'l 


50 

1 .‘>‘>0 



70 

00 

1 -207 
1-131 


Habeoek, Fror. .l}})er. .Inni, l!i*J0, 
55, 523. 

too 

1-538^ 

1 

1 

i 


Am^rdinn- (o DiotcruM,^ tlu: N[KTili(' heals iM'hvcen O'^and 7U” C. !iV(’ : 

t" C. - 0 10 ‘JO 30 to 50 00 70 

S|)cc. heal:, --MLS M 10 MGl MSI l'‘J0J 0225 l*2t7 1-200 


DENSITIES OF LIQUID AMMONIA AND ITS 
SATURATED VAPOUR. 
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Tlie isobaric NohiDies and densities of litjuid and vapour uiider a 
pressure equal to that oniiO* vajKuir have been determined by IVuUriei ‘ 
and Pert bond. 


ISOBARIC SPECIFIC VOLUMES OF LIQUID AMMONI \ 
AND ITS VAPOUR. 

(Dieteriei.) 
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^ J>u*U*rici, Zvitf^ch. Kaltrind., I90t, p. J. - HfiiL, 18{>S, 5 , 

^ Drovvos, J)Usfirt<ition, liatmorer, l!H)3. 

* Ii(*rtli()ud, Hdv, Chim. Actit, 1918, i, 84. 
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ISOBARIC DENSITIES OF LIQUID AMMONIA 
AND ITS VAPOUR. 


(Borthoud.) 
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'I’lu' ra/xnir prcssurn- ol* liquid anuiionia were iirst d{‘tcriuiucd l)y 
Enraday, and ai'tt rwards by Jiuiiscai, I'ictct. and othorsj but, tlicir ms lilts 
aj’c now nu rcly of liistorical iut.t‘n\st. 

TJjcsr foiistaiits ba\r boon mditt-rniiiu'd with threat accuracy by 
uictJiods wliicli deserve lucriliou, as they are widely iised in similar 
eases. The apparatus is described in a paper by tVauoe, Meyers, and 
4’ayl()r.“ A static method was emj)loyed. 'rhe pressures were r<‘ad on 
mereury manometers, the wliolc lx‘iuo- immersed in thermoslats eon- 
lainin^’ ,iL»asoleiie which could be regulated to C. ; or beller, at the 

lower temperatures by means ot‘ coils in which carbon dioxide was 
allowed to exjiand. It was sliowii that tlic pri'senee oF uneondensal)le 
^uisi's caused lay' in the attainment of Ihc eijuilibrium pressures. There- 
ibre the greatest care >vas taken to purity rhi* ammonia. A larye 
(juantity of synthetic ammonia was distilled twi<a\ the middle portion 
of the second distillate was allowed to stand in contact willi metallic 
sodium For about a week, tlie liquid was sliaken and liydroyen bloNcn 
(dT. After se\ eral distillatioiis in a hiyh-])ressure a[)paratus, the middle 
Fraetion Ix'iny retained each time, the ammonia was frozen si^vi'ral 
times in liipiid air, all uncondcused gases were pumped off, and during 
the periods of licpieiaetion some va()our was allowed to tseape. Finally 
a j)roduet was obtained which contained less than 1 iji 100,000 of un- 
eojidensable gases and less than 0'008 ])er cent, of water. 4’he boiling- 
jxjint of this ammonia by the static method was ; by the 

unlinary melluxl, using a Beckmann thermometer, it was — ' C. 


VAPOUR PRESSURES OF LIQUID AMMONIA. 
(C'ragoe, i\lcyers, and Taylor, 1020.) 
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T/h sc results and others can be expressed by the interpolation 

formula* - 

.1' 


* Brill, f'or. cit., [>. 1 ; Krgiinult, Mem. In-st. Fritnce^ 18(>2, 26 , .yjO. 
“ CragoL*, Mc yer.s, and Taylor, J. Arner. Chein. Soc., 1020, 42 , 200 . 
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]!)M-()56!) 

i> =ao-25(i.si« — s-i. 5 ().s»a t io» T j u-imoo x i o 'r 

l-a-<J552H.'XlO-'^ T- . (1) 

lofilo ?)==12-Kj3400-~™~— 0-01«38(i W T M' J.()3l'r6X I0 Vr“ 

-■MC.STOf-XlO-'* 'P . (l>) 

These and the jmeedin^r data have nmeli valiK' in industry, since licjuid 
atunionia is frequently used as a refrigerant. It is a eoiivenienl workin.^ 
sidrstaiiee for reversed Ju‘at en«i[ines, the latent lu'at of Naporisil ion 
and (‘Xj)aj)sion throu^di coils bein<^- absorbed l)y tlie brine of eohbstora;ie 
rooms, etc. The gas, when used eomuK'irially, is dried with quiekliiru', 
and is ke])t in gasometers over jK'troIenm oil ; it is usually eomj)ressed 
in two stages, first to if or I- atmospheres, then to liquefy at about 
tS atmospheres. 

Critical Constants. Tiie eritu‘al temperature is N'ariously gi\rn as 
and critical density as tlie 

critical vohinu' as and the critical pressure as 115/ llf‘3/ and 

M2-.-}" atmosplieres respectively. 

Surface Tension a . — 

Temperature, C. : 1 1-IO ;31-05 58-98 

cj-.23;}8 18-05 12-95 

Adsorption by CJutrcoal (see also this scries, Vol. V.). At ordinary 
lemjieratnres 1 gram of charcoal adsorbs nearly 200 (‘.e, of animonni 
(178 C.C., Kayser *). The amount adsorbed at atmospheric j)ressure 
increases vith fall of temj)erature. At each UaiqHTalure the volume 
V ’■ varies with the pressun; according to the ejjualion 

1 

I'^-apA 

in which a and n arc constants, 'this equation expresses the behaviour 
of ammojiia from -20'^ to j-200 and is known as the adstuption 
isoth('rm, Tiie heat of adsorption, 1-91 Cals. })i r gram of ammonia, is 
nc'ai’ly twii’c as great as tlie latent lu'at of condensation to liquid.'* 

Latent Heat. This is usually lakcji as 5-000 ( als. per mol. 9'his 
is higher than the value oblaijied by tlic differ, nti at ion of (‘quati(m (1) 
above, which gi\'es 8-050 Cals. 

Molecular Complexity^- The boiling-point of amnion' consich red 
as the first member of the scries Nllg, PHg, etc., is abno mally high, 
just as that of OHg is high in relation to those of SII^, etc. This as 
well as other peculiarities in the jiropcrties of liquid ammonia (see also 
p. 70), which it shares Avith water, arc in both eases attributed to associ- 
ation of the liquids. 

The value of the Despretz-Voung-Trouton ratio, namely, the latent 
heat of vaporisation divided by normal boiling-point on the absolute 

J Dowar, riiiL Mmj., I SKI, l8, 21U. 

- Vincent and {’haiipiiis, ./. Cfn/siqur, ISSO, 12], 5 . ,jS. 

® I}ertlioad, Itelr. Chim Jrta, 1018, i, 81. 

* Kayser, If nd. AndaJcn, 1881, 12, ij2(). 

^ Uichardson, Chftn,. Suv., 1017, [A ii], 520. 

® Favro, Ann. Chim. Phys., 1874, |6J, i, 209. > 

’ Cardo.so and Giliay, J. Chim. Phys., 1912, lo, 510. 
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j^caU*, may l)e (‘alculiitcd from tlic (•(|uations of Crai^of, Meyers, and 
Taylor. It is 10*7. This is not far from tlu; nonnal ^'alnc, ‘20 to ‘2*2. 
It has hceti shown l)y Nernsl ^ that tins constajit is really a fnnetion of 
Uie temperalnn*, and that in the ease of many qases 

-0*5 Tj,- 0 007 Tj,. 

1 6 

Tims, at a boiling-point of ‘2.‘I0-0j, tlu* nortnal eonstant will be ‘21. A 
sli^^hi d('ijr('e of assoeiation is thus indicated. 

The temjx ratnre eoellieients of molar snrfaec iMieruy are 1 SO and 
1*70 {ride ,sap/Y/). 'I'lie eorresj)onding value for a normal licpiid beinjjf 
*2*r2, the eoetlieicmt of assoeiation is 1*27. 

The critical density, 0*‘2.%‘2, is t*‘2ll limes the theoretical density, 
as dedne('d by a strict application of the j^as laws to the critical con- 
ditions. The ratio in tlie case (O’ normal liipiids is about .‘hO. 

General Properties and Comparison with Water. -A com- 
parison betwirn li({nid ammonia and water in res[)eet of physical pro- 
})erti(‘s, and its action as a solvent, reveals many intereslinn’ similarities. 
These are summarised in the following- table : - 


COMPARISON OF AMMONIA WITH WATER. 
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Molar elevation of R.P. 


5-2 

(too ^n’ams) 

(lowest known) 


Heat of fusion i 

1-<S.‘1.S Cals. 

1*1. to ( ais. 

Dielectric eonstant 

c. ‘21 23 

81*7 

Surface tension 

25 

28 

^’iseosity 

! 

2*(>Xl0 -‘ \ 

io*(; x 10 n 

(at its b.|..)/ 

(at I8‘^) / 

Factor of association 

1 *27 

3*0 


(from surface t ension) 

(from surface tension) 

Uefraelivc ind(‘X 

j 

1 1*33 

1 *33 


It will be observed that the Ihiidity is mnclpureater (idiont four limes) 
than that of walt r, and^ the surface tension ap[)reeiably lower, both 
beim^ measured at ordinary temperatures. The \'aril)us physical data 
lead to llu' tonelnsion that ammonia, like water, is jirobably associated 
in the liquid state. Like other pure liquids, ammonia is capable of con- 
diiethij^ the eh'ctrie current : its conductivity, although very small, lias 
a deVmile limit, below whicJi it is not diminished by the hif,diest [lossible 

' rn.st, and Tftrordind A /tpfimlioiiji of Thirmodi/tniwir.'i (o i'lumidrii 

(C lOnT), ijt'cturo 
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purification. As in the ease of water, this is attrihincd to a very slii^h^s 
elect rolylie dissoeiation : 

[ NTT'. and NTT^ j IT' —NTT / 

The dieleel ric constant is hiydi, lad ^ar infet .or ! > Dial oli,,, water. 
Tl\e refracti\ (‘ index is nearly I he same as tliat ( f water. Ammonia 
also resemhles walca* in slunvintr some <le<‘p ahsorpiion hands in ljh‘ 
infra-red IxdweeiT tlu' w'ave-Iemfllis l)/t and 'rhi> is prohal>ly 

eonneeted with its hii^h ionisinj^- power as a solvent.’ - 

Solvent Properties. Li<]nid ammonia is one of the most <‘om- 
[)r(‘heJisi ve solvents kjiown. It; dissohes non-metals, iodine. ‘>iilphnr, 
ajid phos])horiis, also many lialidt's and sulphides ol' lia^ iioji-nx'tals 
whieh are insolnhle in water or are hydrolysed hy it. 'i'lie nu'lals of 
(he (dkalies and alkaline earths are freely soluble, and tlu* solutions are 
n'ood eondjietors of ehririeity (see below, j). 80). The solnhility of 
potassium in TOO nrn)ns of liquid aiufiionia, is 18*75 at 0’ (*., that of 
sodium 28*2 at 0'^, 2t*5 at 80'’, and 22*0 at 22' ( At sneh liin'h 
eoneeni rations the amiTionia |)r(*ssnres are ^really n'dneed aiul may 
lie far l)elow om* atmos[>lu*r(' at ordinary tempera tnr(‘s. Tn the east* of 
litliinm two )i<jnid jdiases art* formed, ha\'inL»‘ an ammonia pressure 
of 5 to mm. The saturated .solution, havini*- an ammonia jTressnrt* of 
8*01 mm., ('ontaiiis 1 1 • t y^rams of lilhinm in H)0 grains of aimnoni.i.’ 
Ammonia dissolves niaiiy typical a.(jneoii.s elect rolytes, sneh as salts, 
'rhe followino' are insolid)le: oxides, hydroxide's, and sulphides ol' the* 
MK'tals; also llne)rides. snlpTiates, sulphites, phe).sphates. a:’senate*s, e/)i • 
he)nal('s, and oxalates. The solubilities of edher sails, i speciall y of 
ammonium salts, is e>ne*ii hii^h. That of ammonium nitrate, whieh is 
zeve) at -80' C., inere'uscs ra|)idly witli rise? e)l' temj)e'ratnre. 

/ ’C‘. - - 80 -80 0 i 88*8 

(irarns of NTTjNO.^ in 100 

grains of Nil. T . . 0 221 201 80S 

Dry ammotniim thiex-yanate euudi'el lyy ice ab.se.rbs 15 j)e'r ee*nt. by 
w'ei.yht e)f amnu)nia, which, however, e‘ve)lve's i!, a<»aiii e)n liealimi.'''' 
Siieh solutions have been nseel in small r<*fni 4 ’era tears, wen'kimt’ somewhat 
ejii tile* prijieijTle e)f the Carre'* IVeezinif machine (se'e* this serie's, V'ol. W). 

Salts of the folle)win.i^f acid radie’als eisnally eliss'e)l\ e in liquid aitnnonia, 
namely, nitrates, iudieles, brojuieies and e*hl(»rieies, e-yaiudes rnul tln<»- 
eyyanates. Other seihdele snl)slane‘e*s are amielex, sneh is KNil., 
iie)n-ele*e!tre:)lytes sneh as I1(J(CN).>. anel va.rie>ns complex s sueli as 
lx 2 tIg(CN),, whieh e)ftem have the same eu)mpe)sitioti as the; (iori ' spemd- 
in^^ complex salts whieh ar Ibrmeel in water.^ Many or^ninie eomponnels 
will dis.solve, amon.<^ whieh may he^ me'idioneel amiele's, nitro ee>m- 
peannels, the free alkvl ammemium bases, their liyeiroxiJes, anel salts 
(p. 80). ■ . . 

Ammonia has been used as a sedveni in the determination e)[ molar 

‘ l’ase*li('n, Wird. Aannkn, im, 52, 200. 

* yVbiK'V and I’csliii.u:, 7V///. May., 1882, 172 , 887. 

^ Hnir and (Itd.sol, fJer., 1000 . 39 , 838. 

* Kran.s and Jolin.stun, J. .iincr. Chvin. Sac., 102.'>, .^7' <“*’• 

'' Kurilntf, Zrit.'frfi. phif 'iikal. ('hem., 1898, 25 , 100 . 

® Kooti* and Orinkloy, ./. Aturr. ('he/n. Sor., 1021, 43, i 178. 

' I<>anklin, '/n iU^ch. phyxihd. ( 'liniK, lOOO, 69 , 272. 
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Y'ciijhts. The molar elevation of the boilinaf-poini (100 ^rrams solvent), 
[•alciilated from the thermal constaots, is .‘M. Tiiis airrees witli the 
^xj)eriment{il elevation in the ease of some solutes, i.e, those whieh 
lave a normal molar wei<,ditd As in the ease of aqueous .solutions, 
lowever, th(‘ molar wei'.dit foipid often difhTs from the formula weiijfid. 
A lien file constant, or molar elevation of the boilin^^-jioint, ealeulated 
from the experimental elevation on the assumption of simple molecules, 
is hioher than the theoretieal eoiistaiit, fhe solute is rei,uirded as 
dissociated, as in the ease of salts and some or<raiiie eomjiouiids, or else 
if is assumed to he assoeiated with solvent moleeulcs to i(ive an ammino. 

The molar wei<i[ht of the solute may also he determined from the 
lowerinn- of the ^'aJ)our pressure. The molar weight of sodium found 
thus decreases nearly as a linear fuuetiori of the concentration and does 
not rc'aeli a deliuite limit. It is only pos.sible to state - that the limit will 
he lielow ‘ 2 .‘ 3 . 

'riie eryoseojiie constant of ammonia, as experimentally determined, 
is about 1 1 , whereas the value ealeulated from the thermal eonstants 
is 

Reactions in Liquid Ammonia. The ions whieh are present in 
Ihesc eleetrolytieally eonduetin<( solutions react and ^nve precipitates, 
etc., whieh are sometimes of an unusual kind and would be dillienit to 
produce in any otJier solvent, ilissolved metals may interact to give 
alloys; tlins, in the ease of sodium and lead, an alloy of eompositioii 
ri'presentcd by Narb2.2r, precipitated. The lead is the negati\'e 
constituent, as it is jirecipitated on th(“ anode during electrolysis. 
Sodium and lellnrinm give insolnlile XagTe and soluble NuoTe.^. Siinph; 
and complex amides and nitrides may be formi'd by double (Iceom- 
positioii, e.g. : 

fhKNlIg-IIggNa i OKI i tNll3, 

AgNO^ hlvNlL, -AgNIlg-i KNO,, 

Pbl2 f2KNH2-PbMl+2KH NJf^.* 

Alnmininin iodide with potassaniide gives first Al(NIT2).,.AlI.j, then 
Al(Nn2)3.AI(NH2)2l.NIl3. (adminm tliioeyanate, with the same re- 
agent. gives ('d(NIl2)2» 0 white powder whieh acts violenlly on water 
ami e\]>lodes when heated. Silver amide* with jioiassamide gives 
ciystals containing ammonia : 

AgNlIg 1 KXII 2 AgXllK.NII.,." 

Alagnesinm dissolves in a solution of ammonium chloride in liepiid 
ammonia. Jlere the ammuniiim km plays the part of the hydrion in 
acid mpieous solutions, and is displaced by the magnesium : 

Mg h2NlI,(:i-MgCl2-[ ll2 f2Ni4. 

Tiie strongly basic alkyl animonium hydroxides displace the ammonia 
from its salts, as they do in aqueous solution : 

'(CM3)4X()1H NH 4 CI - (CIl 3 ) 4 NCl 1 Nllg+It 20 .« 


‘ •Fraiiklifi and Kraus, Anwr. Chvm. J., 1898, 20 , 820. 

“* Ki aii.s, ./. Anu‘r. Clu vi. Soc., 1907, 29 , 1557 ; 1908, 30 , 1197 ; 1914, 36 , 804 ; 1921, 
43 . ’ Reihk'ii and Ncstks Yicr., 1920, 59 , HI 159. 

■* Fi*fink!in, ./. Avur. (Jhtm.. *S’or:,, 1905, 27 , 820. 

^ Franklin, 1915, 37 , 847. ® Franklin, 1912. ‘iSf). 
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Since in aninionia tin; --NMo may he rci^Mnlcd as takiji^ tlje 

])Iace oi' Hie - OJI in ivaler, acid amides in ammonia enrfvspoiid lo 
<‘arh(>\ylic acids in wjitcr, and the forrmi- Iia\e ilierf'tore lieen named 
“ ammo;io-acids by Franklin.’ They are diliasic acids,"*ea|)ahle of 
ionisin^^ in two sta^fcs into JK OXIF J IF ane JtFOX" , lMI”. The 
ionisation is in some eases considcralile, as show i l»y the eondn^tii\’ities., 
Typical reactions of tlie ammono-acids arc : 

Mo ; (’II,C()\n.. ( fl.COXMi^ ! IIo. 

CH,( OMl., [ (('H,),x\OIl ('II,(T)X1I.N(( n,)i I 11, ,0, 

AoXJU I ( IT.( OXIIa-l-Xn, (TI,( 0X11 \o.2XI[,. 

In water, acid ainid(“s do not dissociate but add (mi tlu* hydrion of 
acids, and thcr(“fore b('liav(‘ as (weak) basses. Tlu' amides of bases have 
been called by Franklin '' ainmono-liases.'’ These will react with 
ammono-acids thus : 

(’ri,(;()xii 2 1 Kxij. (’iT.,(‘()xiiK I xn,, 

or 

(!ii,(-oxir 1 ir i K' 1 XIF 2 : c n.,(‘oxiF I K ! Nil,. 

As in tile case of the ncntralisadion of an acid by an alkali m 
water, tin' ionic part of Ihc r('acliori consists in the formati.c) of 
nil dissociated solvent : 

IF i XH'.-XII,. 

.lust as salts of W('ak bast s arc hydrohsed by tin* substitution ol' Oil 
for halogen, et(‘., so tlu'V may Ix' ‘‘ ammonolv.sed ’’ by the sulislitiition 
of NIL, : 

jIoC1,-! XIF. i XlFj-HgXIFC. ! XJl,(;i. 

The amido-cliloride is insoluble in ammonia as it is in water. 

Ammonolysis is, however, much less common tiian iiydrolysis. 
Most salts dissolved give clear solutions in ammonia, while ammonolysis 
would give precipitates. 

The ammono-s.alts of the alkali metals are also obtained liy reactions 
in lipuid ammonia. Thus, dipotassium ammono-sodiati', Xa(Xll 2 ).,K.,, 
is pr(*|)ared by the action of sodium on potassamide, both dis-.ol\e{l 
in ammonia, in the presence of platinum black. ’k 

Amides and nitrides of the non-metals are often fcniK'd b\ I lu* 
immonolysis of the chloranHydridcs and ,sul|*hides in iitpiit' ammonia : 

tlTcCl 4 i 1 0X1 1 , - Te^Xi I I 2N 1 1 jFl. ’ 

I OXH; ll^iXll,), I ;tNII,Sll,^ 

PCI, 1 5NH, p(nh)(nit 2) f3xn,(i,'' 

SiCi; i 8NlI.,-Si(NIl.,)4TdNll,Fl,’ 

SiS 2 4 -tX II 3 =--Si ( Nil . ) -f 2X1 1 1 1. « 


’ Franklin, /I CV/fWi. ./., 11)12, 47, 28i>. - S(!c this .sc’cn s, Vo!. *11. 

^ Franklin, J'. lliysiml Chem.^ 1919, 23 , .■?(>. ^ Mct/ni*r, ('ompt. rouf., |85)7, 124 ? .*H. 

^ Stock aiul lN)|>]>cnl)»'rg, Bcr., 11 K) 1 . 34 , 399. ' 

® Jonnnis, (lompt, rend., 1904, 139 , lUM. 

’ Ix^nji^fcld, Amer. Chem., J., 1899, 21 , 531. 

“ Blix and WirlKdauer, tk r., 1903, 36 , 4220. 
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^ Electrical Properties of Solutions in Ammonia. -The c]e(?tri{*al 
ronfhicti\ ity of pure ainmoiiia is very low, and in tliis ease the dillienlty 
of MVoi(lin<j traces of water arc very ^rreat. Hcnec the older values 
of this constant are higher than the more recent, namely, 0-1 x 10“^ 
reciprocal ohms.’’ ^ 

^ lh‘sid(‘s the ions 1I‘, and NlTo, the anions NH" and N'" may 

possibly be ])res('nt. Three intleetions have been found on lh<‘ curve 
of anodic polarisation a^minst current, which may correspond to the 
discliarnc of these ions. In accordance Avith its eluiraeter as a dissoei- 
atiuir solvent, lujuid ammonia lias the relatively high dielcetric constant 
of 21 to Avhieh is inferior only to those of some alcohols and nitriles, 
e.g. benzouitrilc, 200, and to that of water, In the ease of 

ammonia, as in tliat of water, there are two types of solutions : those of 
salts which have a limiting conductivity at limiting dilution, but do 
not give a dissociation constant, do not obey the dilution law ; and 
those of organic compounds of a polar type, which do not give a limiting 
e(|uiAal(*ut conductivity but do obey the dilution law.** As aii c>:ample 
o( the lirst class we may take KXO.,. The cquivahait condiietivilics, A, 
and degree's of dissociation, a, at .TV' ('. and various dilutions, V (litres 
per mol.), are as follows : - 

V .‘12 1 1001 251 1 0102 2;1000 09820 x 

A- 192-7 2tr>-0 282-7 .‘109-9 .TlO-1 .T38-0 TJ9 A,, 

tt: 0-507 0-720 0-8;jl 0-912 0-972 0-995 1-00 

The equivalent conductivities are higher than in water at corre* 
s])ouding and at infinite dilutions, but the degrees of dissoeiatioii at 
correspouding dilutions arc lower. The following i'(|ui\'aleui coii- 
duelivitics arc additively made up of a term du(' to each ion : — 

Sfilt. KNO,. KBr. NaNO,. NuBr. Nil, Hr. LiNO,. A,<rN(),. 

Ao-- im 8K) .‘101 802 802 808 288 287 

Since the trans()ort numbers of salts in ammonia have been (h'- 
termined, the ionic conductivities can be calculatc'd and ])rove to be 
about three times the conductivities in water.**- 


Kalion. 

bi. 

Na. 

■ K."' 

Nir,. 


L„ in ll.p ( IS C.) 

.*58-8 

48-4 

04-5 

- 

01.-7 j 

54-0 

L|i ill Nil;, (nl b.p.) 

i 112 

i 

l.‘J0 

108 

181 

110 


Anion. 

r\. 

Br. 

■ 1. 

NO,. 

L(, in HgO (18 ' C.) ==-- 

05-5 

07-7 

C6-(i 

01-8 

Lfl in Nllg (at b.p.) = 

179 

172 

171. 

171 


^ (loodwin and Vlumipsoii, l/fu/skal Pevkw, 18011, 8, 38. 
” Cady , Phymal Cheu., 1896, i, 707. 

^ Frenzel, Zeitseh. KUklrochnu., 19()0, 6, 486. 

■* Franklin and Kran.s, A trier. Chem. ./., 1000, 23, 277. 

•' Lattny, Phil. May., 1021, 41, 820. 

" Kranw and Bray, ./. .Iwrr. f Par., 191.3, 35, 1337. 
’ Franklin and Cady, J. Amer. Chem. Soc., 1004, 26. 440. 
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AMMOiVIA, Nir^, 

The (lifferciKrs htluTea in(li\ ions, csfu'fiall)' anions, an* min4i 
loss marked in amnKniia than in water. The hi» 4 her eomhu’li'v ilii s are 
no (loijl)t eonneel('(l witli tJie lower \isei)sily (oi liiylier iliiidiiy) <»r 
ammonia, sinee Hie resistanee to tlie moHon ol‘ihe ions is some j'iin(*tion 
ot lh(' viseosity. Tliat ot watin* at IS’ C. is l()-< >/. 10 wiiilejhat ot 
ammonia, at its boiling-point is 2-aGxl() -k’ 

In the ease of the slowest ions, the ratios of ionie eondnetivity to 
ilnidity are about 0*.‘j in both solvents. 

In very dilute solutions of salts, and in rather dilutt* solutions of 
other eompounds (see below), a mass action constant may be (‘aleuliileit, 
tint in order to express the tK*ha\i(Mir in more eonetail rated soluljons 
other constants must lx* introduced, as in lht‘ ctjuatioi; of I\raus and 
I5ray : 

Nitronadhaiie, thiolienzaniide, orthonit rophenol, nadhylnil ramine, 
trinitroben/.ene, t rinitraniline are amom^ the «>rLranie eompoumis wliiel\ 
are (‘lecti‘olyl<‘s in ainmonia and olx'V the law of mass action nioderali'ly 
well, d'lu' followinu' are typical constants : -- 




Dk 

1 ). 

A,. 

Potassamide 

1 ‘iO 

1‘18 

o-oik) 

:]()[ 

Trinitra inline 

:50-o 

()-7:3 

()*:38 

28 t 


Litpiid ammonia is a favourable UK'dium for the prepa-ation of free 
“ ammonium and the alkyl substituted ammonium r; dieals. 'riu' 
radical N((.dt. 3 )| has lieeri precipitated in th(‘ frix^ state at lh(.* kalhodi* 
diiriiy^f the electrolysis of the salt dissolved in li<juid ammonia, in which 
it is solulile, ,<^i\in^‘ a solution sonu'what similar to that ( ’’ potassium. 
)\’h('n eonijiressed it is a i^ood conductor of ei(‘ctrieitv'. d'lie radical 
IfoC'II, can be frcaal from by washiaii- with litjuid ammonia, 

it decomposes at ordinary tem|)eratures into and * 

Electrochemistry of Metallic Solutions. Solutions ot the alkali 
UK'tals are lilue when dilutes they assume a metatlie lustre and Ix'eomt' 
rellcedin^ wluMi moi’e concord i*ated. Th('i*e is little chemical action; the 
amides are only formed to a slight extent, so that it must be su|)posed 
that the inetai is dissohed as such, and that the liii'h eonduetivity is 
not <luc to ordinary ions. Durinii' electrolysis there are noiu* ot tlie 
usual appearances at the electi’odes, such as Hie se'paratie n of solids or 
.<»a.se.s. 'riie eonduction in tJiis respect resembles that of a . letal Tiie 
dissolved metal is associated with tlie kation, since it may be •ompletcly 
transfeiTed into the katholyte by electrolysis. The iK ^alivi' carrim- is 
jirobably the electron, h'die cipiivalent eonduetivity {referieil in Hk' 
usual rnaniuT to th(‘ solute, c.g. dissolved sociium) is ilixdi ; it ieaeh<*s a 
minimuni at a dilution of between ‘id and ,‘30, and tlem inereases yre.dly 
with increase of coneeid ration : 

V -0-o0t7 10:38 i:3NS(i ;3()-|. (idO-l tesso 

A - 82 too .‘3228 l78-:3 t78-;> SOO- 1 HKit 

' ./. Plu/'iinfi ('liffiL, 1012. i6, (>21. 

“ I’alniarr, Zni-srli.' Phihwfn m., I!M)2. 8. 720. 

•’ KraiiH, J. Ainrr. ('hrm. Sor., 1012, 35, 17,‘l2. 

’ Mi'Ciiy ;iinl .Mdoiv, ihid, 1011, 33, 272. 
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Tile sjieciiie eoiuluctivity olivioiisly increases still more ^ 

rajiiclly W'tli inert asin^f eoiieei it ration, and the atomic eondnetanee 
approaelies that of the nielal itself, as is si'cn from the results in still 
more epiu'entrated solutions : ’ 

V-d(i71 ()J)‘265 ()-5000 OlOSl 

a : 1-298 5-988 148-8 714-0 5047-0 

The atomic conductance of a saturated solution is 1 -1 X TO® mhos, that 
of the metal 5-05 X 10® mhos.- 

The trans])ort numher of tht- anion has been invcsti^rated by the 
method of concentration (‘ells. The K.M.F. of tht'se at coueeutrations 
from O-OtO to (»-870 shows an enormous increase in the vel(3city of the 
ne^^atiee carrier, which |)robal)ly eojisists to a j^reater and greater extent 
of electrons, tlu- conductivity at high (‘oneentratious being due to ilu; 
dissociation : 

In more dilute solutions some amide may be formed, which then 
dissociates into ions which liave velocities of the usual order * : 

M hNHa MNIlo l Ui., 

MNH2._^M+fNIl2"h 

AiUMONIA in Ac^UEOUS SoMiTlON. 

General Properties of Aqueous Solutions. Ammonia is easily 
soluble in watc-r, with evolution of heat. Tlie densities of the solutions 
are less than that of water. Tiic solution saturated at 15" has a 
densif y of 0-882 (see table, p. 80). Solid ions saturated with I he- gas at 1 
atmos])here contain per gram of water 0*875 grams at O'^ C., 0-580 grams 
at 15^ C\, and 0-520 grams at 20'^ C. One volume of water dissolves at 
0" C. about 1150 vols. (at X.T.l*.}, at 20'^ F. 789 vols. (at N.l\). 
At low(^r temperatures the solubilities arc greatly inereasi'd. The 
folkwving WTights are absorbed by 1 gram of w*ater in equilibrium wath 
ammonia pressures of 748 to 744*5 mm. : — 

Temperature, 8*9 -10 20 25 80 -40 

Grams of NH3 -- 0-947 1-145 1-708 2-554 2-781 2-940 

Ammonia Pressures and Concentrations of Aqueous Solu- 
tions. — Up to normal concentrations an/t the corresponding ammonia 
pressures, the gas dissolves nearly according to Henry’s l^aw.'* 


jj (in mm. of mercury) 

1 - 5-97 

6-71 

9*35 

18*45 

7L' (grams per litre) 

7*7.52 

8*602 

11*93 

17-00 

N (mols. per litre) 

^ 0-456 

0*,506 

0*702 

1-00 

p/N 

-18-1 

18*2 

18*8 

18-45 


Tliat the daw docs not hold for higher pressures is evident from the 
tables givcii below. ^ 

All (lata refer to a t«;Tii|K^ratur(5 at or near tlio boilingu)oint of NJf-,, — C. 

- ^Kraus and LueasfM% J. Amer. Chem. Soc., 1021; 43, 2520. 
c ^lallet, Amer. Chtm. J., 1807, 19, 804. 

* Gaus, Abegg, uiid Hii^fwjnfeld, Zeilsch. pht/aikal. Chttm., 1002, 40, 84. 

Sander, 1012,78,51.1. 



me relations between p and N have been expressed as an interpuk* 
ion rorninla ^ 

'riie addition of salts to solutions of aiiinio’ ia <:eneral!y raises the 
ammonia pressure, or diminishes the solidiilily at a given ^iri'ssure. 
The lithium halides are an exception to tliis rule and iner(‘ase the 
solubility of ammonia. Some typical solubilities are given in the l al»le, 
in which “ ” denotes the ammonia pressures (mm.) in (‘qnihbrinm 

with various eoneent rations of the salt in solutions which ai(‘ normal . 
w'ith respect to total ammonia, and Ap the differences belwe( ri the 
jiressures of ammonia, i.e. 13-t,5 mm. in etpiilibrium with a normal 
acpieous solution, and those in equilibrium with the salt solutions 
normal in respect to ammonia. ^ 


AMMONIA PRESSURES OF AMMONIACAL SALT 
SOLUTIONS. 




runciaitruHon of Salt. 


Salt. 

O-.*) N<»nnal. 

10 N( 

>rmal. 

I-.*) Nurniat | 


P- 

Ap. 

/'• 

Ap. 


! 

KCl 

14- 10 

104 

15-53 

2-08 


3-18 


15d}7 

1-02 

17-42 

3-07 

10-S5 

0'40 

(IlV (T)OK 

15-r>5 

2 10 

17-50 

4-14 

py'07 

0-22 

Lil 

13 0,5 

-0*40 

12-28 

i- 1-17 

1 1 -27 

-2-18 

NaOII 

15*37 

1-02 1 

17-09 1 

! 3-04 

1 

18-80 

5-35 


In the ease of more concentrated solutions, the eonqirehensi ve 
results of Perman are available.'* Th(‘ total pressures of ammonia, and 
water-vapour in etpiilibrium with solutions of various eoneentrations 
and at various tempe'ratures whtc measured by the static method, i.e. 
on a manometer. Table A is bascil on these results. In another series, 
the partial pressures of ammonia and o.Avater-vapour (luin.) in eqnitd)- 
rium with the solutions were determined by the d^’iiamie iiu :hod, i.t’. by 
passing a known volume of air through the solutions, and tnen through 
(a) standard dilute and (h) concentrated sulphuric acid. Tie total 
increase in the weights . f {a) and (b) gives the ammonia plus water, 
and the decrease in the litre of the sulphuric acid gives the ammonia. 
Table B is based on these results. By means of this ‘cries it \”as 
proved t hat the low ering of the va|)our pressures of water in the pr».:s(mee 
of a?nmonia is a rectilinear function of the compositions up to B» ])er 
cent, solutions, 

Pi-—p(l -iv) (“p” in mm.). 


^ Lockn aiid J\»rs.sall, Ouni, ./., 31, 208 . 

~ Callingaf'it and JIugginH, ./. A/tnr. (%‘m. Sor., 45, JM.1 
“ (Juu8, AlM.‘gg, and Uie.s<'nfcld, he. ciL ^ 

^ IVnnan, Chevi. Hoc., 11K)I, 79 , 718; 83 , IRIS. 
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NtTROOEN. 


Taulk a. 


VAPOUR PRESSURES OF AQUEOUS AMMONIA. 

('rofni pn'ssurcs, (11.4) i Nil..) in nim. oT mercury.) 





of NH-,. 



( ' 

— 



. 

- 

-- 




in. 

o. 


‘Ml 

0 

4-5 

‘20 

85 

57 

0.8 

220 

4 

() 

‘21 

8‘) 

00 

110 

200 

1 10 


‘27 


80 

1 tt 

8 to 

! 14 

I v> 

88-5 

(!7 

1 10-5 

i i 

tl2 j 

liO 

1 17-5 

47-5 

! 

1 151 

287 

587 ! 

! 80 

; 81 -5 

«8 

158-5 

245 

878 

817 1 

! to 

55 

18 1-5 

! 2tl 

i 877-5 

500-5 

1180 1 

50 

i 02-5 

i 210 

; 808-5 

: 50 1 

88t-5 i 


1 OO 

i 1 t0*5 

1 827 

581) 

1 810-5 



! 

L. 

' 



- J 

i 



Tahlk H. 

VAPOUR PRESSURES OF AMMONIA AND OF WATER 
OVER AQUEOUS AMMONIA. 




- . — 

— — - .. 

■ — ■ ■ • ■ 


I’lTCCMlaL^l' of 

Orcssiiro of 

I'lV.SSMIO of 


Nir,‘. 

NH;, Otiin,). 

■ 

,n.,0 (riitii.). 

( 

. 

t-7‘2 

11-4 

5-1 


0-15 

‘2t-8 

5-8 

0 

1 

1 t-78 

51-8 

t-l 

1 

‘22 00 

110-0 

2-8 

i i 

t-10 

10-5 

0-1 

10 ) 

8 -‘20 

87-2 

8-8 


15-88 

05-1 

7-0 

( 

21-88 

100-8 1 

5-5 

r: 

4-18 

..‘27- 1 

10-4 


10-15 

80-0 

15-1 

1: 

28-87 

80‘2-t 

! l(‘-8 


7-48 

80-8 

‘20-2 

ao-o!) j 

21-47 

to t -0 

‘2‘2-l 

f 

7-80 

188-0 

50-7 

40-0 

‘20-85 1 

570-1 

87-8 

50-0 u 

1404 i 

487-1 

75-2 

00-0 

11-81 

475-8 

180-t 


ill Vk'liieli /)j arc tlie partial pressures ol’ wai(T over the solutions, p 
are tlie ]>ressur(*s^,|ijy)ure water at the same teiuiieratures, and ,v is the 
fractional arnoiint^ffl®^»''’«^^^''ua in 1 ^fram of the solution. 
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AMlVlONrA, Nlf^. 

The liicl tlint Ihioi.lt's L;i\v is olH-yal allows lliat the ruoliir \v(‘io1it 
of ajnj]jf)ni;i as (k'lvnniiK'd hy osniolic press. in or depression oj‘ (he 
Ireeziiiy-poinl is normal at tla've e<eieentraiions. Th<'re(t)re (here is 
only 1 inoleeide of ammonia presenl, in tlie hy n-ales (e/‘ ]Ve(>/inix-p(jinl. 
dal a, ]>. H7), 

The N’aponr prc'ssnn-s of more (‘oiieenl raled s(dntions are Ixsl- ex- 
pressed hy lormnla' vvhieh are used for hlnery mixhires oj’ li<jnids. 
Tims the pressnre-eomposition isothcrmals a.i^ree with the Alari^nles 
e()nalion 

(/ lo^f jfj d joy i).y 
d lo,<>- ./y d |o<^- { 1 f 

in whieh pj and refer to the ammonia, and and 1 i\ (o Ihe waleix 
Tims for .r -:()-‘2(),S,S {2()-.S.S per eent. Xll.^ ^it 20' C.), 228-“), 

i;j, dpo 0-825 : 


/'iC 

lur 


000 


dpI 

dpo 


01 - 8 . 


'I’alile A ^i\Hs the total pressures of solutions eontainin^^ from 
0 lo 00 per eent. of ammonia between O ' and 02" The pn ssiires 
\ve/'e measured by the staiie melhod, /.e. ,on a manonietc-r eonnce(( ii 
with the spaee above the solutions, whieh wen' kept at the ennlroih'd 
temjx'ral nn-s l)v (he vapours of \arious liquids boiling at at mos})heri(; 
]uvss;in'.’ 

At lOO'' (A the following ratios betwee-n llu- eoneeiit at ions, of 
ammonia in th(‘ gas phase, and those', (\^, iji solution, increase' with in- 

eivasing eoneentration, but the ratios Iv ^ ^ ^ , in wlne-h t'( I -ex) is the 

ion re'sielue, or total ammemia not (irese-ntas iems, is ne-arly e-onslant. 


( 

l-25() 

0-t)88 


01 t8 


0-011)0 

0-0107 

0-00 to 

^ 1 
t 

12!t2 

B2 ()7 

12-1 1 

12-18 

t2-()() 

ll-8'l 

1 t-58 

1 1 05 

K 


12-h 

12*8 

12-(i 

18() 

18-2 

18-8 

18 0 


'bable B gi\es the (‘Xperimeiilal partial pn-ssiire's e)f ammonia and 
wate'r-vaponr in e((uilibrium wilh solid ie)ns. The pn-ssures we i-e ea-- 
te-rmined by the dynamic methoel aln aely dt'seribed. The: total nre s- 
sures leuniel as the' sums of (hose- of the ammemia anel ■ atei b\ the 
dynamic (air eurn-nl) method usually agive within 1 per emit, with the' 
eorrc'S])onding pressures IVmnd by 'the static (manometer) melhod, 
although in a few e'ases t’lere is a disen-paiu-y of 2 to 8 jier es iit. Tliese 
results haae alse^ becTi in a, table whie-h gives values at intervxds of 
2^" C. from 0 to (JO." 

the partial pressures e>l ammonia anel ot wate'r in eepiilibrium wdh Ihe 
eonce'ntratcd solutions have been redetermined with the aid of elaborate 
apparatus by Xgadiauscn aiul Bat rick.-* The dynamic method outlinrd 
above was criticised on grounds whieh w('re indeed noti ct by Berman.^ 

^ tV-rmaa, Trans', (’hoib. Sot., [jiai, 79, VISj 83, llljS. 

IV'iniaii, ibid, 83, J 174 . 

■' Nnihauscii and Patrick, ,/. Pfit/sical ('hun., I'.LM, 25, Cm. 
ttis results include more dilute solutions, and also sliow liow luiicli foniuonia is act ually 
evaporated under tJie conditions stated. 



; se i 

tIw stutic mcihod j^ivcs accurately the vaj)()iir pressure of 

the watiT. wJiicJi is the minor constituent in tlic ease of tiiese solutions. 

|)ressuft' of purr ammonia, *rns, admitted into one tank from the 
res(a•^()ir of liquid, was measured against that of a similar tank eon- 
taininiif anunonia ])lus water-vapour on a differential manometer witli 
an obtuse aiii^Ie ol (i.f. each limb 11*5'^ to the horizontal). Water- 
vapour was inj(‘eted into the second lank until the pressure, which 
rises at iirst (because the volume is constant), reaches a maximum, and 
tlnm falls as solution is condensed, earryinj»- with it some of the ammonia 
in the dissolved state. The results are judveu in Table (’ {^^‘20° and 
to' t'.). Those due to Iterthoud ' are <^dven in Table I) (/- (f" (\). 

Taulk C. 

PARTIAL PRESSURES OF AMMONIA AND OF WATER, 
DENSITIES AND CONTRACTIONS OF AQUEOUS 
AMMONIA.^ 

(pin mm. of mercury.) 


'lViiiiK'r;duic. 

Moli'cnlar JVi- 




1 ’fi’eeiifi ‘.'[e 

' C. 

cent age of N If;. 


^'jl,o- 

Density. 

(.'ontriictiou. 



;fPS8(> 

72S 

{)•!. 

0-882 

7*07 I 

i'(( < 


4:3-7.‘ll 

1281 

843 

0-8 t8 

7437 : 



CArim 

.‘3277 

11 5 

0-815 

0-05 1 



25()11 

752 

;30'5 

0-1)02 

0-05 ; 

K) ^ 



1787 

280 i 

0-80 I. 

8-22 

1 


4();3:35 

;3()40 

170 

0-828 

0- 10 



51-()T() 

<115 

1-25 

0-8 12 

7-50 I 

0 i 


01 -‘iOG 

1 tot) 

0*77 

0-817 

0-21 j 


- 

(36-(i2l 

1805 ' 

0*40 

0-705 

i 

8-12 j 


The of aqueous anunonia solutions at 15'" C. are j^iven in tlie 

w( Ihknown tables of Jam,i(e and Wiernik/^ and hav(‘ been red(‘t(‘rniined 
by Pri('e and Hawkins,^ A selection of eomj)arative values iVom both 
sets of observathms is ^iven in Table D. 

Hydrates of Ammonia. The freezing-point curve for acpieous 
solutions of anunonia indicates the existence of two hydrates and three 
eutectic mixtures.^' Tlie followin*^ data arc due to Itupcrt; those 
in braekets to Smits and Postma. : - 

^ lJ<*rthou(], U(h\ (Uiim. Ada, 1918. i, 84, 

^ 'flic figures “a;" in the second column can lx; converted into grains i>or cent. 
by tlie formula 17-03 x 

The contractions in the iiftli column (at O'q arc calcirlatcd as the differences b(*twccn the 
.sum of the volumes of li<iuid ammonia and water aiul the volume of the solution. 

^ Lunge and Wiernik, ZeiUirh. Chcia.^ 1889, 2, 181. 

^ Price aiul Hawkin.s, J. Sor. Vhem. hid,^ 1924, 43, 113T. 
r' <!huid ami (hiy, Compt. rend., UK)9, 148, 1327. 

Ku|K’rt, J. Atmr. (Jhan. <S'or., J1X)9, 31, SCO;. 1910, 32, 748. 

‘ Smits and Po^tma, hvc. K. Abid. Wetciisch. Avhalcrdam , 1909, 12, 180; 1914, 17, 182. 

* J’ostma, Rcc. Trav. chvn., 1920, 39, 515. 



ItWOSflA,' NH; '.S 


Uyarntes .... 

2NH3.H,0 

NUy.H/) 

Molecular percentage of Nily 
in the solution 

<i5l() 

n8*59 

Freezing-point, '’C. 

-7!) { s) 

---70 { -70) 

Eutectic miitturcfi — 

Solid phases . , NIT. 

land 2N!li.IU) 

3.11./) andNlly.HyO 


2Nli 

and If/) 

Moleenlar pereen(a.ge of 

NII3 in solution . 78*5 

(8M.) 57*5 {58-5) 

:i2 (:!!.-7) 

Freezing-[)oiiit, ” C. . -1)0 (- 

-1)2*5) -80*5 ( 80) 

na (--lOD- 


TIu' n}oiiohj/<lrafc ioriiis snmil colourless crystals and the hcinihtfdraie 
larger transparent lU'cdles. Solutions conlaijiin^- about !j.‘5 per eenl. of 
aniiuonia are very viseous at 100’’ C. 


Taiu.k J). 


DENSITIES OF AQUEOUS AMMONIA. 


Dt'fisity. 

1 j 

IV‘i'(viilatfc 
of i\U,. 

(i*. and 11 .) 

l.’rr<'<'l|(ai!r 
of Nit,. 

(ti. and U . ) 

Density. 

I’eiventage 

..f Nir.,. 

{V. and H,) 

..1 

(b. and \\.) 

{)*875 

80*00 


005() 

12*74 

I2*ri 

880 

85*20 

85*51 

1)00 

0*05 i 

0*88 

800 

81*85 

81*05 

1)70 1 

7*27 

7*20 

000 

28*50 

28*25 

080 * 

4*78 

1*70 

1)10 

25*15 1 

2 1.•02 

1)00 

2*81 

2*80 

020 

21 *85 

21*70 

020 

1*81 

1*88 

080 

18*00 

18*00 

010 

0*01 

0*1)1 

040 j 

i 15*05 

15*50 

000 

0*15 

0*45 
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AmMONKA in SoLl TfON IN Soi.VKNTS OTHER. TUAN VV.\TEI{. 

The solubilities of anuuonia in the lower alij)hatie alcohols are 
considerable, although lower fhan tliose in water. Thus nKf’iyl 
alcohol dissolves 40 jjcr cent, of anuuonia at O' ('. Tiro sohibilities 
(under correspondinjf conditions of tcui})eratmv and aniinoiiia pressure) 
diminish with increasin'^ molecular weight of the alcohol * in ethyl 
alcohol the solubilities aru : 

Temperature, . . 0 2t) 

Solubility in grams of Nil 3 

per, Ijtrc of alcohol . D30*5 75 

Density of solution . . 0*782 0*704 

These solubilities are increased on the addition (jf water.^ Com- 
parative solubilities of ammonia in (‘thyl, isopropyl, and isolTutyl 
alcohols have also been determined at T — :1:0'4‘’ 

^ Delepiiie, »/. Pharm., 1802, [5J, 25 , 40G. 

“ Pagliaiio and Krno, Alii drf-. Torino^ 1882, 18 , G7. 
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Alenhnh 

Kihyl. 

l,s<)j»ro[)\ I. 

Isobiityl. 

Ammonia ]»r('ssnr(‘ in mm. of merenry 

tr>7 

4a (rd 

r)2;M 

Solubility, as volumes of ammonia pts 




dissoh c'd by one volume of alcohol . 

70-0 

5(i(> 

: .50- 1 


TJk' following iTsiilts s]i(>\v a (liniiniilion in tlic heat of' solution ol 
annnoniii as llu‘ molar woi^lit ol lho alcohol increases ’ ; - 


Al.-nli,,!. 

Methyl. 

lOlliyl. 

Hant^e of eoneentration as pereenla^a* i 



oCMy , . . . . 1 

0-17 to O-OI 

odU) to i 

Heat ot solution in calories j>er mol. I 

j 


of Nil,, ! 

si;i to ir>o<s 

7o;j to ;i2;i(» 


'I’lic ratio in \siii<‘h ammonia is distribnlcd ht'lwcc'ii watca* and 
toInciK' is 2(i at !!)•“) and de(*.rcascs with incrcasiiiLj' concentration,^ 
The ilisi rihntion ratio hetween water and eliioroform - was redetm*- 
mined by Moore and W'inmill/’ who found at 2.T' o\er the ran^e 
of conecml rations ^ieen in the tal)I(‘. Tlu' ratio altiTs eonsideral)ly at 
hi^luT coneentrations aecordin**' to Hell and Field.’ They find 21- in 
dilute solution, rising' to 10 in v(*ry concent rat('d solid ioii. Sine(‘ this 
ratio is scarcely alTcct('d by the' [irescncc of ammonium chloride, the 
variation cannot beaeconnt(“d lor by a \'ariation in tin' ionic c(jnilibrium. 
It mnst be reterred to the effeet of increasing' eoneent ration on th(‘ 
relati\(.‘ proportions of the dissolved and hydrated ammonia molecules 
(i/fk infra, p. 02). 


DISTRIBUTION OF AMMONIA BETWEEN 
WATER AND CHLOROFORM.’ 


I'einiieratnre, 

' ( ’ 

Coneeiitration of 

IS' 11, in Water, 

Distril ntion Jtatio 
Waler/t'hloroforrn, 

.Aiif hi)i‘it\'. 

■ 


as .\iols. jM-r Lili’f'. 

' J 

r.V 



r 

0-07700 

0-ri 080 

27- 12 

27-14 


Moore and Winmill.^ 


r 

O-l.TI 

20-01 " 



10 5 ^ 


1 u-;i;io 1 

25-07 


' Dawson and MeCrae.-j 


()-M08 

2110 '' ^ 



25 

;32dl5 -j 

r oTdo 

M ()*1087 

'i O-OOOO 

2t-25 1 

2t-20 1 

21-20 


Moore and AVimnill. 

'1 0-21-20 



21-17 J 




• Tiauifcjcw aiul Mrylik, Chf-m. Ztnir., ii, 43J, * 

* jlawsoTi aMd Mcrra(‘, Tranx. (Jhrm. Soc., J00l>, 89 , lOOlJ. 

^ Mooiv iuid Winmill, ibid., H)12, loi, ii, t(><i7. Sfr aJ.so and St-kaldt, 

/jdfsfh. jihtidkah ('Inin,, IStMl, 38 , 2 i)S. 

^ hell and .Fu'i<l, J. Annr, i'lmn. Sin'., J!.H I, 33 , 010. 

•’ Oab' d)(! (‘Sjj('iiriK'!it,'iI corua’iihatioiis:, Cj, (d tho amiiKiniit in tlu- a(|m‘oiis layer an* 
dv(fn.«' ^Voni t]u’.s<-, the eouecjitratioius in the (ililnrofoiinu'. layer.s eaji he obtained after 

livisioii by tlie rulw-s 
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AMMONIA, NH;,. 

Since it is })r()l);il)lc that aiiinionia dissohas in orifanic sohaiits o\' 
the water ininiiseihh* type as simph* inoJcenles, the distrihution ralio 
bet ween such solvents and water s'lonld yive inibrinatior'i as t<» I he 
eoneentralions of siniple inoleeules present iii a((ii ons solnticni. Tliis 
principle has been extensively used. e.]f. to JitcTinine the hytlrolytie 
e(juilibria of annnoniuin salts. 

Conductivity and Dissociation Constant. 'I'he weakly alkaline 
naielions of solutions which contain dissohaal anmionia an' dm' lo a 
slight electrolytic dissociation into NIl’i and OH' ions. Th(' approxi- 
mate det^Tces of dissoeiation derivc'd from the eondndi\ ities in the usual 
juaiuu'r are ; 

Normality of solution . . O-Ol O-IO l-O 

IVrec nta^a' dissociation . . t 1 O JJ 

IdK' maximum conductivity is attained at a normality of abcmt 3, 
at which k Y tO^ (sec; below) - 1 1 (at 18" ('.) and 18 (at 25' C*.), and I hen 
falls to 1-08 in a 1(5 times lujrmal solution (at IS C.) and to l••8 in a 18 
time's normal solution (at 25'^ In the tables, the values of I he eon- 

duel i\il ics at IS'M'. are due to Kohlrauseh,* those at 25’' C. (iold- 
sehmidt,^ with the exec'|)tion of the lirst two at tlu' lowest concentra- 
tions, which are due lo Hredi^.^ 


CONDUCTIVITIES OF AQUEOUS AMMONIA 
SOLUTIONS. 

Taulk a (at IS' C.).i 


('! ill niuJ.^. ptT li(r<' - 

0-0.79 1 

0-2:11 

o- n;7 ! 

o!»:i;i 1 2-:}07 

(•.7.7 

8-87 

KiOI 

/t>; in’ 

2-51 

.«.2 j 

()-;77 

S-07 ' 10-9.7 

|o;i8 

(;:i2 

i-9:i 

! 




. _ .. 

1 

— _ .. . 



Taulk U (at 25 C. ).-”■’ 


(' 

o-oo;}9 

0-0078 

0-0109 

0-0219 

0-0.7.7:t 

0M07 

0:ll48lo.;711 

0-(;0t5| 0-817 

K'Y 10’ 

0 711 

1-01(5 

1-220 

1-7:10 

2 718 

:i-8i:i 

(5:}:i9 

7-882 

8-770 j 9-;7lO 

C 

0-9.7;i 

1-081 

1 -.78(5 

, 2- mo 

2-'.».7r. 1 

:i-.72i 

1-7-20 

7-9:10 

9-2(0., [2 89 

X Y l()> 

10-02 

lO-,77 

11-77 


I2SM5 

J 

12-91 j 

12-18 

s-7o:i 

7!)io! l•::2:} 
j 


The mo])ility of the ammonium ion, L,,, at zito coneciitration has 
been deterinined as follows ; 

Temperature, '' C.-" 18 25 82-85 

Lo- 70- 81-91 

Lo (58-71 7t-ti 

The molar eoiVluctivitics at '/cto concentration, Ao, that is, the smns 
of the ionic corulucti vilies of the ammonium and hydroxyl ion at zero 
(the lowest limitin^^) concentration, are as follows : - 

' Kt)!ilr:uisi‘li, W’inl. .linnthn, 1879, p)|, i, I la. 

~ (loldHclimult, Zci'l-srlt. tnioiy. C/inn., HMJl, 28 , 97. 

^ llrc'diif, /jnlxch. phfii^ihd. C'luni., 1891, 13 , 289. ^ 

* Mooiv and WinmilJ, Tran,-i. Chtm, Hoc., 1912, loi, ii, 1(597. 
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nitblogM 


T(‘inj)eratiir(% C. 


18 

2 ; 37-7 


'Xi) 


Aiiiinoiiia is n weak or “lialf” elcetrolyie, tlie ionisation of whidi 
obeys the ililntion law. Putliin*- in the values of a ^ derivaxl IVoni 
th(‘ eon(lneti\ ities into the eejuations 


aH'. 

1 a 


or 


(1 -«)V 


a ennstant is oblaitu'd whieli is tbnnd to liold i^ood for the more dilute 
solid i(Mis. Jt. must bo earernlly noted tliat tlie undissoeiated 
ammonia/’ 1 o, iiieludes all forms not present as ions. The eonstant 
/.• is therefore an a])parent one. Jt has the on-iU'st [iraetieal utility, 
as it is availabh' lor t*aleulalin^‘ the alkaliniti(‘s of ammonia solutions, 
as well as tlie a(*idities and deorees of hydrolysis of ammonium salts. 
Th(‘ ^alu(‘ of the eonstaid of basic dissociation itdo ammonium and 
hydroxyl ions, Ap. at about 18" is 1-7 to 1-8 x HtA From the deter- 
minal inn of A and A^ at other temjjeratnres the following' \ aim's of the 
eonstant are obtained : - 


Temj)erature, " (*. 0 18 25 82-85 50 

lO'Vv ■ -1 -80 ^ 1-72 2 1-80 - 1 -887 - 1 -8 1 ‘ 

At hiyla'i’ lempi-ralnres the eoiislant diminishes ; thus lOV. is 1-85 at 
100 (’. Jiiid 0-0008 at 80(1" C’.=^ 

'fhe appareid (’onstant also holds ,nood, not only for tVe-e ammonia 
and ils salts, but also for jiartly neutralised solutions of ammonia, so 
iJial from it the acidities ” (or alkalinities) of any j»'iv('n mixture 
can be ealeulaled liy means of the equation 

rTT. i A’„, X concentration of added acid 
^ A]; X concent ration of free ammonia 


(Av is the water constant-- 1 X 10” at 28" ('.). 

Till' acidities of solutions of ammonium salts may be calculated 
from the equation 

' A/’ji 

when A’j;:- 1-8X10 

At (■. (normality) -1-0 * 0-1 0-01 

pn { “ hyif [ 1 1 * I ) - 4-02 5-12 5 - G 

'these acidities correspond well with the turnin^^-point of methyl red, 
and consequently this is a ^mod indicator for the accurate titration of 
ammonia. 

'riie converse calculation, that of the ionisation lionstants from the 
hydrolysis of aminoniuin salts, has been made by Lunften : 

At / 0 18 25 40 GO 

10'^A:.-l-4 1-77 1-87 1-08 1 4) 


’ Kiiiiolt, J. Amr. Ohem. Sor., lOllT, 29, 14J I. 

- Alodi-r aiul W'ininill, Tram. Vhem. Hoc., 1012, 101, ii, 0107. 

“ N()yi\st Kato, and Soainan, ZciUch. physikal. Chem., lUlO, 73, 20. 
^ lanulen, ,/. Ohim. phijs., I ‘30 7, S. 574. 



AMMONIA, NH,; 'm 

1 hermochemistry and Thermodynamics of Ammonia 8olu’- 
tions.- TJ)c total (or integral) heat of solution oL auiuionia in walrr as 
clet(‘rniiiiod by (‘alcn-inietrK; incthiuls is S-t;}0 Cals, lor 1 mol. (fi ammonia, 
in 200 mbls. of wator.^ Tlic dilTorciitial heat . f si'hition (1 mol. in a 
lar^c quantity of a solution lmvin«r ain* ^iven eoucentration ) is also 
j)ositive. Jt may be ealeulated by tJie (lapc'VTon iqiialion IVom the 
ammonia j)fessur(\s of, r.g.. a dilute solution as above at 10 ’ and itO'' C,, 
and is found to be S-70() Cals, per mol. at 20 This heat may be divided 
into (a) tlie latent heat of eonden.sation of ammonia to llie licinld form ; 
(b) t he heat of solution, hydration, ionisation. 

(ft) The iat(‘nt heat of condensation to liquid is 5*{)0() Cals, in round 
numbers.^ From the va])our pressures, the latent luats at various 
temperatures have been ealeulated and e.\[)rc.ssed l>y the formula 

L - l O i5,Sll5( 1 33 

This .ifiv(\s a molar latcait heat of t*890 Cals, at 15 . Tlie dilferentiatitm 
of on(‘ formula of Cra^oe, Meyers, and Taylor oiva's »‘M)50 Cals. Then 
a])])roximaiely S UIO- 5-000 ti- 1.*50 Cals, an- evolvetl in solution, hydra- 
tion, ajid ionisation when li(}uid ammonia, is dissoh'ed in dilute solution. 
The heat of ionisation, Q/, is ditermiiK'd from the change m th;- 
dissociation eonsiant with the ttmiperatiire. Thus the mean \aiiie of 

hetwc(‘n 18 ’ and 25 is 1*100 ( als. (Moore aiid Winmill s n siills, 
loc. cif.), wiiile between 0' and 25' it is - 1*075 (Kanoits resnils). 
See Lnnden.'''^' ^ The lu'aL of ionic di.ssoeialion is also o? lained ;)s ilie 
differenee l.)etw(*en the heats of ncntralisation of (u) ammonia. Q,. and 
(b) astron^ base, Q, withasirono' acid; thnsQ, (J I2-800 tO-SOO 

- - 1*500 Cals. (Qi is 12-300 Cals, in tlie ea.se of U*278\ ammonia, 
aeeordinj:'’ to Tliomsen.^) From llie results of distribnt iori experiments 
between water and chloroform, and of eondiietivily determinations, 

I he followin^^' lieat s may be dedneed : - ’ 

NUa I TlaO f-5 150 Cals. (18" lo 25 C.): 

NH iOn-NH *4 f OH' 3 030 Cals. 

lienee, allowing*' for tlic proportions present in tlie solution, of Nila, 
NUa^rtloO and aimuonium hydroxide (or any other kind of mohcnle 
wliieh is in direct equilibrium with tlie ions), it is r*alenlated tlml tlie 

' Th(jrn.scn, Tfu riim<:hi.wi.4r>j, trnri.sl. by Hiirkr (hoiiginun.s, 15)08). 

" Pc.rniMii, Tmnd. Ch>‘i}t-. Sec., 15K)J, 79, 71H. 

Stnunbeok, ,/. Frank. Inst., t8l)l, 131 ; Diolorid, Zeitsrh. Kulh uifl., l!)U 4 „ ji. J. 

^ Osljomc and van J)usen, J. Jmer. (Jln ni. Sor., 1918, 40, 1. 

*' LuinJen, Ahren's Sammlnn , 15)09, 14, O.'). 

® The apparent heat (f di.ssoeiation, i^i (cab ulated from Uie apjKUvnt (constant kn of 
ammonia), is ecpiai to the sum of the true heat, Q't (cah-ulated fnon t)i«: true dissovualion 
constant k), and the heat of hydration of dissolved animonia (called Nlfd. 


1 oir 

k\\i ^ 

d lojf k^ 
'“d/ ' 

- 

Nlh 

llg) - ll 

d lo;z 
dt 

iiV- 


dUtff, kn i)i 

dt KT3 

Qi Q'i 


In which “ 1 ” stands f(jr ions, “ ti ' 
’ Moore and Winmill, loc. cit. 

’ for undissociated 
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NITROGEN. 

Ikal ul' lU'Uiralisation in a (►•278N solution at, ('. is 1‘2 ;32<) Cals. 
a^Ttfiii.jr \v(-|l witli the value of Tlionisern 

The Molecules present in Aqueous Ammonia. In tin lore 
^-•'oinn aeeotint of the soluhilily, dissoeiatioji, and th(a*rnoeh(‘hustry ol 
anunonia solutions, a jiid<^?nCnt as to the kifid of nioleeiile whi(*h is 
produced hy llu^ hydration was left in suspense as far as possible. It is, 
liowe\ { r, eojj\ (‘nient to us(‘the term ///yd/v/Ze for that part of the ammonia, 
which is in direct e(]uili])rium with the ^as, and the term InjdnhvUle 
for that whieti is in ecjuilibrium with the ions. TIk; presence of one or 
nioH' hydrates which may he more or le.ss di.ssociated into Xll^ and l^O 
is prol)a))le, and the pre.s(mc(‘ of tlu* ion Nil',, in low eoncc-ntration and 
p(‘r]\aps also liydrated is demonstrated by electrochemical e^idcaiee. 
Hut wJietluT an ‘‘ammonium hydroxide” analogous to sodium 
hy<lroxid(‘ exists in solution is open to doubt. It has been [)ointed out 
by (jnen,^ that, aeeordino’ to the pr(‘s(‘nt electronic theory of valency, 
tlu' ammoniu]]! ion is fornual l)y the direct addition of (lie hydrion of 
water to Nlbj, and that the assunijition of a non-ionised intermediate 
ammonium hydroxide is unnecessary. On the other hand, iMoori‘ “ 
has shown that the distribution ratios between water and chloroform, 
taken aloni^- with the electrolytic dissociation e([uilibria, r(M.|uire (that is, 
ii the law ot conciaitration action is assumed) a eonsiderabje projKjrlion 
of ammonium hydroxide; so tJiat the true dissociation coiislant k' is 
not the same as the apparent constant k^.'^ The following;' table ^i\( s 
the \'alu(*s of the various mohrular spiries calculated from tlu'sc results. 
The eonstanl is 1-725 lO' '' (at 18" C.):- - 


THE MOLECULES PRESENT IN AQUEOUS AMMONIA. 
(Concentrations in mots, per c.c., x Jb^) 




— 



— 

— ■ - - 


TcMip.. ' (A 

foiill 
Xlt, in 
iuiy 

11 vdrated 
Aiiiinoiiia, 

Nil., OH. 
AinnioiiiuMi 
H v<ij‘<>.\id('. 

NH,. 

Aintiioiijiiiti 

Ion. 

lc, y HP. 
Hydi'atioti 
('oust ant. 

1 .. .. 

loA 
t)iss(K-i;i - 
(ion 

Cniistaiil. 

18 

1 1 •!)!) 

t-!)2 

(;-92 

0-1 18 

! Ml ' 

2-!) t 

25 

1 1-1)8 

! G-l)7 

7-85 

O'KU 

1-18 1 

8-1] 

82-85 

U-b!) 

5-81 

I t-58 

0-1 8(> 

0-85 

1-11 

1 

' 



-• — 

' _ i 
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'rhe different views may be reconciled in various ways. The 
iiydrion m;fy attach itself to the NII\ which is already Jiydrateil, ^ivin^r 
the hydrated ion crn.p.Ml\. On this liyiiothesis, NH;j,rIUO in the 
aboAc table may lie substituted for XII 4 OII without idTeetin*^ the ■ 
quantitative relations ; while for NIl 3 j;IIoO tJicrc would be sub- 
stituted Nil 3 dissolved as such. it seems probabJe*'on the electronic 
theory tliai. non-ionised NaOlI, like non-ionised NaCI, iloes nut ('xist, 
only the ions bein.o’ present at all dilutions, because tlu? electron has 
alrcAdy passed from all the Na on comfunatioJi. Only a portion of these 

• ./, ^oc. C/ioik Jnd., 192.3, 42 , U» 5 . 

“ .V[(KiR', Tran.'L (dicm. 9l> 137.3; l\ro()rc aiiil Wiiiniill, |912, lOI, UJ07. 

^ 8 ee p. 91, riuTe 0 . 



AMMONTA. NH3. Oa 

ions, }iowo\(*]‘, }.f. whioli (‘ondiict tlio cinTcnt. mh' <!isso(‘ijd(*d. 

In l]i(‘ s.MiiK' S(‘nS(MV(' may snpjMisc liial non-I )iiis(‘ri \II,()I1 dors not 
rxisl ; tlir XH;, whirli has atlarlr-d a l»ydn)i{rn ion is a posit iv(' itm at 
all diliilioiis. Ihit a part of this is not dis K'latrd, and lakes Ihr 
})lac(‘ ot' the older non-cdeetrolyte, ainnioniuin 1. '(tri)\id(‘, in ealeiilalions 
in\<)lvin^- aninioninm and liydroxyl-ion ('on(*eidralk»ns. 


J)i"rixTiox y\M) EsriArATiox. 

Detection.' Mod('vale (piantilies in the air or in sohifion are 
reeoj^niiscd by the smell, })y llu- brown ('olour imparlc'd !o yellow 
tnrmerie, by the blue to nal or purple litmus, and nciu rally the alkaline 
eolonr to indicators of the “weak alkali sensitive” elass, such as C'on^o 
bine or methyl orani^c*. The lalt(“r, howtwer, an' rathei* too s(‘nsi1i\i*, 
as they eliaiiLii' in time when exposetl to ordinary air. 'tlu' blaekeninyr 
of ni('rcnrons nitrate is also a i^-ood lest. All tliese indicators are best 
ajiplied in the form ot' test papc'rs. 

'i'raees of ammonia and its salts in solution are rei'o^inised by means 
of Nessler’s solution (see p. 01). If sulphides are ])r('senl, they also 
impart a dark eolonr to Nesshr’s solution : but this cx'rsists on tin' 
addition <»]’ acids, whereas ll)e brown due to ammonia is dest nyved 
by acids. 

Estimation. Free ammonia in solution is nsnally: estitnated by 
titration with standard acid. 

Sine(‘ the ammonia, is continnally ))ein,U‘ l<>^t in lb.-. va))onr. I’u' 
solutions should be diluted and k('pt. in a well-slopperi‘d b<»tl!<' or 
titrated at once, or treated with an excess of standard acid. 

On account of the hydrolysis ot solutions of ammonium salts, wbic‘h 
therefore react acid (.se(‘ p. !H)), the end fx'int oT the titration is found 
with an “ acid-insensitive ” or “ alkali-sensiiive ” indicator such as 
methyl orange, or better, methyl red. 

The ammonia in ammonium salts may Ik' deti rmined .‘ilba' distilla- 
tion with alkali and absorption of standard acid. .\ wa'i^^iied amount 
of the salt is dissohfd in boiled water treated wath ('xcess of 10 per e{')d. 
boiled sodinm-hydroxid(‘ solution and distilled from a llask pro\ ided 
with a “spray traj)'’ or “splash bulb.’’ >Iany forms of apparatus 
an' descrilx'd in the text-books of arialytieal chemistry. The distillate 
is taken up, or the evoha'd oas('s |)ass ihrouyh, a kmnvn e\e(‘ss of 
standard, usually O-.aN acid, and the excs'ss tilrat('d back W’'h stamkird 
alkali as descri))ed aboV( . 

Jf tile ammonia is jin sent, as the salt of a vohdik' acid as 

carbonate), it may be boiled w'ith standard suljihuric acid, and the. 
excess of this titrated as aliove. In 'he d( lerminati(/n of nitrogen in 
oroanie comiiounds by the Kjeldahl method, the nitrouien is liMally 
olitained as amrnoniuu} suljihate dissolved in coneentrated snljihurie 
acid. This is distilled with an excess of alkali, etc., in the mainn r 
alreaily described! If the quantities of ammonia are sinallj they may 
b(' condensed with water and determined by the N« ssh'r method 
(see {). O t). 

Ammonium salts may also be estimated qniekly, altlum^di less aeeu- 
rately, by loss.^ The salt {<\g. JO yn*ams) is dissolved in water, tnated 
with an exei'ss of alkali, and made wj) to a known volume, of \ Ihre. 

^ .lean, Atui. Chim. nnni., I!M)4, 9 , 2r)7. * 



NlTRdGEil;' ^ ^ ^ , , 

^ tJ. mrasTired volume of tliis, e.g. 25 c.c.y is titrated directly, using metlr 
r(‘d (n). AuotluT 25 e.e. is diluted, boiled in a llask until the steam 
free from v,ninionia, and then titrated (h). The difference between th 
titrations (r/) (/>) gives the aninionia. A gas voliimetrie method i 

also available, which depends iipon the decomposition by sodium Iiyp(i 
])roinite. with evolution of nitrogen : ^ 

2NH3-b3Na01}r--3n20 b.3NaBr f Ng- 

The alkaline hypobromite is run into tin; solution of ammonium salt in 
a nitrometer and the volume of nitrogen measured and eorreeted to 
N.T,I\ in the usual manner. Since the decomposition is not quite 
conij)l(‘te (owing to tlie existence of a little ammoniuni hypobromite) a 
l)laid< analysis ts carried out on a standard solution of ammoiunm salt, 
and a correetion factor is thus ev'aiuated. 

Ammonia may be estimated gravimetrically after preei])itation by 
ehloro})latinie acid. The precipitate may be dried at 130'^ and weighed 
as (N 114 ) 01 ^( 1 6 , or ignited to platinum. 

Ammonia present as salts may be indirectly estimated by Hon*' 
ehese's method. ^ Formaldehyde converts the ammonia ijito hexa- 
methylene telvaminc (hexamine, urotropin), atui the liberated acid 
is titrated in the presence of pheuolphthalein : 

tNIl4N034 GHCIIO -CcHigNj I iHNOg 1 GFIgO. 

Any free acid originally present is first neutralised, the amount of 
alkali necessary being determined by a preliminary titration in the 
j)resenec of methyl orange or m<*thyl red. Formalin containing 20 [)er 
cent, of formaldehyde, prt'viously neutralised ii‘ nec(‘ssary to phenol- 
jihthalein, is added in slight excess. The titration is then carried out 
in the usual manner with standard acid. The method is not applicable 
to the ammonium salts of weak acids, ^ 

Small quantities of ammonia, free or combhicd as salts, are estimated 
eolorimetrieally with the aid of Nessler’s solution, jmtassium mereuric 
iodide, with an excess of sodium or jxdassium hyilroxide. 

The brown ])rceipitate, or brown or yellow colour, is the eompound 
0- Ilga — Nila -1, which has great colouring i)ovvcr. 

The solution to be tested is made alkaline with sodium hydroxide 
and carbonate, allowed to stand until any carbonates of ealeium mag- 
nesium or iron settle, and a measured i>ortion of the eh'ar solution is 
tested with 1 e.c. or more of the Nessler reagent. If the amounts of 
ammonia are small, as usually in waters, 100 or 200 e.e. are treated 
with sodium carbonate or a suspension of magnesium earbonato (both 
of which must of course be free from ammonia) and distilled from a 
flask through a Liebig’s condenser. Successive portions of the dis- 
tillate arc treated with 2 c.c. of the Nessler reagent, and the y(dlow or 
l)rown colours arc matched against that produced by a very dilute 
standard solution of ammonium chloride. The well-known cylindrical 
Nessler gh^sses of colourless glass, holding 50 or 100 e.e., are used for the 
com})arison. 0-01 mgm. of ammonia can '^asily be deterjnined by this 
method. 

’ Kiiop, Ctntralbhjt, 1800, ]>. 243; Wagner, Zfiitfich. amil, ('horn., 1870, 15, 250. 

^ i duiK-liese, ./. Chim., 11K)7, (vi), 25, Oil. 

'* Wilkie,./, iVoc. Chm. Ind., 1910,29,0. See also (laillot, Ann. Chim. anal,, 1913, 
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The Reaction N^, | SK^;; ^‘2 NTI3. 

As already inoiilioiied, the pa* sai;( of electric sparks, \\^hieh effects 
an almost eom|)leU* d(*com posit ion ot pret’orme.' atrimonia, also causes 
the i^ases to eomhine to a small, bjit deljnite, t" The saiia' is tru(‘ 

ol“ ealalytie agents, such as finely dividend iron, which acc.eh'rati^ not-^ 
only the deeomjKjsition, hnl also the rorniation ot ammonia and lead to 
a true etpiijilmiim. TJiis e(|nilil)riiim may be set up at ordinary tem- 
})eratiires in the ]mscuee of jdatinum l)laek or colloidal iiobh^ mtdals, 
when tlie mixture of ^ases is pass(‘d Ihroutfh addulated water at 
eontainino these eatalysts. Or hydrogen may be passed tliron^di 
solutions from which nitrogen is beinif evolvedd 

It has lon<f been known that nitrogen and li 3 ^drof(en will combiiu' in 
the j)resence ol‘ suita})le catalysts, and it was siiifLfested by Clark in 
1S7I-, tliat ammonia mii(ht be made by passinj,^ them over ehromium, 
niani^anese, iron, or cobalt. TIu* systematic in\( slination of th(‘ eijuili- 
brinm proportions of ammonia formed ))y relati\ely low temperature 
catalysis was taken u[) by llabcr,^ l\‘rman,-^- ^ and their co-workers from 
loot onwards. 

The aflinity^ of the formation of ammonia from its elements is 
positive. The reversilde potential between platinum electrodes tra- 
versed by nitro<ren and b^'dro^en resjx'ctively, which arc immersed in 
a solution of ammonium nitrate and ammonia, is about O O volts.'* The 
decomposition jiotential of 25 per cent, aqueous ammonia is | O-O.? 
volts. These result, s indicate that the equilibrium amounts of amiufuiia 
which should be, formed under reversible conditions at ordinary lem- 
pca’atures should be hi^h. 

Heat of Formation. — Ammonia is an oxolliermie eompoimd, and 
the heat of formation under various eonddions has been carefully (h ter- 
mined, both direetK^ and also from the alt* ration of th<‘ (‘qnilibrinm 
<'on:^lants, with the temperature. 

'flic heat of formation, as drlrrmined thernioeheinieaiiy lor ordinary 
t(‘m])eratures, is ijiven as follows : - 

Ng htdlg- 2 NII 3 j 2 x n,S 00 . alories.*^ 

2 X 12.200 calories.^ 

The heat of formation from its eleimaits at various temperatu! ■; s has 
been obtained by the catalytic dc'conqiosition of ammonia in a calori- 
meter.^'^ The heat absorbed was just eornpensated by eleetrir'all y Ikm ; 
the eatalyst so that the temperature remained eonstant. Hie i hrtrieal 
enerjry snp])licd per seeomT is equal to the heat of formati<‘!i of that 
amoimt of ammonia whieh is deeomposed jier seeond, viz. ; 

f C. -- 0 4(>(i 503 551- 050 

I leat of formation, Q -10,050 1 2,070 12,700 1 2,000 1 :i 1 50 

' Z«'uj,4k‘1w, (hmpl. mid.^ lillli, 162 , 014. 

~ U'aboi' a*ul van Oordt, Zcit'irh. unortj. (-hem,, 190.'), 44 , ;U1, 

^ roniian, Pror. Roy. Roc., 190.^>, 76 , fA|, 107. 

^ Oormaii and jVtkinson, ibid., MM)4, 74 , 110. 

Tin* aOinity in tliiacaao has the flame si.u;n a.s tlie heal ut formation. 

” Oaiir, Zicilsc.h. aiiory. Chc.m., l!*02, 29 , .‘lo.'). 

' ['’renzcl, ihid., 0)02, 32 , 919. 

* Thonrsen, Th'rmwhcmi.<try, tmnst by Burke (Longmans, 1908), 

® Bert helot and Matignon, Ann. Chini. Phyn., 1880, l.5j, 20 . LM.’t 
Haber, Tamarii, aJid Oholm, ZeitM'Ji, Ehktrochcm., lOlf), fei, 191, 
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(Ivnittin^r tlir tJiinl value, which is discordant, th(‘ heat can f)e expressed 
as a rmietion ol'llie ^emperature l>y Ihe ecjnation 

(i 10,1)50 [ -0-001S22/- calories, 

or 

Q= 0,575-1 5-5;i5T - () 001.S2‘2T2 ( alories, 

10,050 and 0,575 calorics bein^thc heats of formation at zero centijjirade 
and z('ro on ihe ahsointe scale r(‘spectivcly. 

Another eipialion ])roposed is : 

Q- 0,105 i a-SlOT ()-00 120 iT- j 0-0J7rF caloriesA 

The \ariation in the heat of the formation with tlu' temperalnre is 
also ^i\'en by the Kirchhoff l>aw, 

Q, - Q, 

in which XnC refers to the molar heats of the reacting’ ijjjses (positive) 
and resiillintj gases (negative), each multiplied by the munber of mole- 
cules participating in the naclion. 

TIk' vahu's of (', the molar heats, are : 

Nitrogen . . . 0*58 j-0-0005;}/. 

Hydrogen . . . 0 <S-f O-OOOO/. 

Ammonia . . . 8-02-| 0-00175^ 1 *7 10 

In the formation of 1 mol. of ammonia, 


Hls f iXo XH,. 

lienee 

InC' - 1-87 - 0‘()01():t5/ - 1 -7 X 10 

and 

Q 10,050 1 1•H7/ 0-00 10:35/“^ 1-7 < 10 calories. 

Th(‘ values of Q, ealeulated from this, agree fairly well with those found 
l)y then»ioehemieal inethods. 

'ihe N ariation in the conslants of the reaction, viz., 


(Nllr,) 


(H2)^{X.)i 


and 


Vsi\, 


afid, of course, also of ihe adinity of the reyetion 


A UT log k;, 


tiay b(‘ obtaimal as a function of the heat of reaetion anil s[)ecilie heats, 
)y integration of the van t Hoff isoehore : 

• (ir 


linee [ Qr, the heat of the reaetion at constant volume, is positive, 
he constant K must diminish with rising temperature, as is seen by 
he integrated form : 

*' Trans. Faradut/ Snc., 1J)2(), (vi), 22 , 






Since the rifrht-liand side ot the i tiualion is ncpdivT (1% is greater tlinn 
T|), there is less ammonia in the eqnilihrhi!: mixture at the higher 
temperature. Actually the values of K determa ’d at each k‘mp(‘rature 
are those at constant pressure Kp, and 

loj(Kp==IogKe hXwlogUT. 

Tlic Q values observed arc also those at constant pressure, and 
Q.-Qc+^nlo-HT. 

() is a function of the temj)craturc (as shown abose), audits lem])era- 
ture eoellieicjits must be included in the intofifration, giving the equation 

login Kn -2-7881. logm T f()-poo:J!)8(iT f consl iUil . ( I ) 

The integration constant may be evaluated by a determination of 
the etjuilibrium at one temperature, or approximately by means of the 
Xirnst lu'at tlieorcin. lly the first method the constant is 
(Kp--()-0()()27^i at / =880^ C.) 

Another equation, used by llabcr, is — 

login Kn=''^~- 2-5(»88 logi„T- 0-0()0l006T-| 0-180 X 10~“T- i 2-1 ■ 

A shortened form of this equation, 

*^888 

■ (3) 

is sulfieieiitly aeeumte for many jnirposesJ 

Hy the use of the equations repr(‘seniinir the most proliable speeilic 
h(‘at ol‘ ammonia at, ('aeh temperature (see p. IMl), and also those* repre- 
senlini^ the variation of th(^ equilibrium constant with the tc'inperafure 
(see al)o\e), another equation has been obtained, vi/. : 

2-0728 lo^’ T4 0-()327,OT4-0 ()75i;rr2-f 3*l t0() . (i) 2 

wbieh gives results in good agreement with those of Tabh A. 

The Equilibrium Constants at Different Temperatures. - -T|u' 
following tables contain the most important of tiie experimentally 
determined values of K^. v/hich are compared with those calculated by 
equations (1) and (2). 

’ Those formul.o indienic that the heat, reaches a iiiaximmn at, a ceriain tc iiiixTuture 
ami then diiniuishe.'j, liccoi/tirig zero at very hi^h t<;miH*raturea ami tlicn negative. 'I’ho 
equilibrium percentage of arnitioniu should at this point Ix'gin to rise again, and the possi- 
biJity is thus given that ammonia is formctl at high temperatures. In Support of this 
d(‘duetiori there is the fact that ammonia can 1 k‘ Hynthesi.sed by tie s])ark discluuge 
(l)ixon, Froc. Mnnck. Lit. Phil. Soc., 1888, [4j, I, 01). Also the S[X‘0.lnjm of ainmonia 
contains a series of lines in the ultra.- vi-ilet corresponding with a gioup in thf* solar 
sjKictrum (bV)wler and (hegory, Phil. 'Praus., 191!), fA|, 218 , 351). 

^ Partington and Shilling, The S/>erific //ruAv 0/ C,V/.?c.s- (Penn, l!) 24 ) ; Shillimfc, 

Famdmj * 9 or,, 1028 , (vi), 22, 398 . 
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In Table H the teinpei aturcs are those correspond in ;jf to the staged 
values of K, ‘tlie total pressure bein.^’ 1 idinospliere and the e(nnjH)sition 
of I he “as ,‘5lIo I X.,. 


Taiu.k H. 

I*vrv(‘n1(i{fi‘s of .tmmonia Formed. 
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K) 
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10 

0 

% NHa 

0*7 

o*;i2 

0*1 t 

0*11 

oo<s 

0*00 

0*002 
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I0^K„ 
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7 
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Tajh.k (’. 


Wd.Kes of I()‘K^ oi a Total Fressare of :H) Almospl/rres (Measuremrals 
of U(dn‘r (tad Ir liossli^nof llaher. Tamarii, and Fomma.) (loe. vif.^ 
iifni). 
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The \'alne of tlie constant .‘,hon]d lu* inde)>endeiit of ihe tola! pn^s- 
snres if lliese are not so hi^di that the par(iei])jitiri“’ “ascs deparf \vid(*ly 
from the “as laws. Aetiially there is a fair airreement between Tables 
C arid A. These ecjnilibria were altained in IIk* pr( .laiee of ircm, 
inaii^nmese, nickel, or ebrominm. 

The ealenial(;d yields eorres})ondin“’ to various pnssnres and lem- 
j )e rat 1 1 res are s i n n t na ri sod . 


Taijlk D. 

(.'alculated l\'rernta^e if Xll.j under rarioas Temperalares and 
Fressnres. 


'rt’iiijM'Ditun*, 

" (1 


of Nil.,. 
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0J20 

0-02 

10-4 1 
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• 8*25 
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0*00 
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0-08 j 
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rh<i Experimental Determinations of the Ammonia Equili- 
brium.* Many (letcrminatiojis at atmospheric pressure were carrierl 


Fjo. 13.--Ei£uilibrium ;>er ('snt. XH 3 in at diftVrent pressure,- 



AMMONIA, t<iiV 

out l>y I labor and oo-workcrs J The ruixtiire ot iiitro^roii {Aid 

liydro^oM w;is propjirod (in one series) by Ok* c'onibusiiun ot {lir with the 
theoretical amount o| eh'otrolytie hvuiroi^^en. 'tiiis was pjo^ed throuffJi 
one of {I p{iir ut' tufies, (.aeh eontiiinin^f a eatiil i t phiii’, inid side by side 
in an olcotvie 1‘urnaeo wliich nuiinUiincd a coe.d int toinperature over a 
len<rtli of jiboiit fj ein. TJie proportion of ammonia fonned was estimatccT 
liy absorption in stand, anl acid. In order to ajipiviaeh tlie eqnilifirinm 
from liie {immonia side, a pereenta^^^e, s.ay ()-2<S, wliieh was ari'jifcr than 
tile eipiilibrinm jieroentaye of ;inimoni{i, was added to tlic inixiiirc, 
which was passed t ack through the otiier tube. When iiiglier pri ssuri's 
were employed tJie mixture of gases was contained in {i eylitKler under 
{I ])ressuro of 100 atmos[)iieres. From this, the pnssure w^as re'dueed 
to the standard. 

(nitfdyst l)onit)s have been designed for experirneidal work of this 
elniraeter ;is well as for eontinuoiis production of jinimonia. They are 
eonstriieled of sjieeiid materi;ils, as, for (‘xample, tungsten steel lined 
witli electrolytic iron, since tiiey ha\'e to w’ithstiind not only very high 
jiressures bid Jilso the corrosive action which amnioniii 1ms on some 
eommereial irons (s('e also p. 105). 

Equilibria at Ilij^h Pressures. Since amnioniji is formed IVom 
its constituent elements with eontraefion, it follows from the Ijiw of 
mobile oquilifirium that an increase in the tot;d jiressiire should ineiease 
th(* proportion of ammonia formed al eaiili temperature, 'this n'sult also 
follows from the assumplion of an equilibrium constant. If the exjU'cr do;.! 

or wlmt conies to the* same thing, ils square root, Iv^,. {'s staled ;ibovt, 
is to renniiii eonslant when the pressnn* is increased, then must 

inercjise at Ihe ex[)ense of ;md This rehdion is shown )>y 

'faille .1), which is bsised on the eimstaney ol' K,,. Ay this inereasc*. is 
advjintageous, the values of tlie constants Jit high pres.-.un's have been 
in vestigjitcd exjierimentally and Llio relation has been veritied.'^' 

A mixture of nitrogen and hydrogen w’as nmde by burning eleel ro- 
lytie hydrogen and iiir in the ealeulated proportions, 'i'he gas .‘d 100 
jdniospheres wjis pnrilied by a eo[)|>er deoxidiser with nickel catalyst, 
and also by passing tiiroiigh soda lime, granular ahimiihum oxide, and 
fused ]iotiish, jind lin.illy through ;m ammonia eatal3'st at nOO"” (h The 
snmll {imoiint of ammonia formeil carried down with ii. rae s of COg 
and 1120. From the observed pereeiduiges of ammonia ('falile E) it 
was estimated that the equilibrium eoustaiil, 


K,. 


PNif^ 

varies witli tiu; iirtssuro at^b. single teiii]ivralurc.^''*’* This rrsulfc is 
' Hiibcf and van OurdI, Zti/.yi'h. anoiy. Vhem-., 44,, ,‘Ul 


11a Ix r and lo Jlostiignol, />r., li)l)7, 30, 2ttl. 
llalici' and It* Hos.'.ignol, '/.pil'tcb, lulphtrorh, 1013, i'}, ">3. 
^ Mailer and It*. Itossignol, ihid.y lOl.y 21, 241. 

" Mailer and Masclike, ibid., lOL). 21, 12S. 

“ Jlalicr, 'famaru, and lAMr.ina/., ibid., 191.1, 21, 89. 

' Ijaranti, d. Atner. Chont. Snr., i924, 46 , 397. 

Laraon and Dndgo, ibid., 1923, 45, 291S. 

Miildenhciner, Cheiii. Xeit., 1924, 48, 233. 
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no*i JU’cr.ssarily in (iisMorronK'nl with tlir law ol' mass, or coiiccjjI ration, 
action. For it is known I hat all ‘^ascs at lii<rli pressures deviate markedly 
from tlie Ijiws, and it is probalde that the active masses ealenlated 
from the eoneentrations present are not identieal with the real activities 
of tile ^fases e\eii at sueli liij^di temperatures as 500^ F. 


Tabu: K. 


Effiulibi'inm Constants under Pressures, 



:jU(» Atm. 

<H)n Atm. 

loco Aim. 

'IVinjK'ratiirc, 
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— 



K. 

I’m (vnt. 

K. 

Per «-cnt. 

K. 

IVr H'lil. 
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NH,. 

Nlf,. 
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0-008S t 

" 
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0-01 20 t 
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(lO-l 
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0-0007 I I 
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0()OS05 
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0-01 toil 

1 Oil -5 

500 1 

0-00 t!)8 i 

2(>-2 

0-00051 
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Ih'iiee it is necessary (o split up th<' !L!:eneral ecpiations which i^iNC K,, 
as a function of the tianperature into series, each eliaraeterisl ie of certain 
ranjj[es of jiressure. Thus : 

: 'T I yV < hT^ i e. 


;/inAtMi. j a. 

i>- 

;'XMd. 

■ 

A> He. 



iiOO 1 i 20718 

- 24018 
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1*8514 
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000 1 
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1- i7;i 
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From Ihese results the jicreenta^es ot ammonia Idrmed at aOU' ('. 
and at difl’ereiit pressun s liave been calculated. These are as follows : 

pin atm. r 10 IM) 50 100 ,‘100 000 tOOO 

Ml 3 per cent. ^^1-21 .‘MO 5-50 10 01 20 14 12 15 5747 

The Effect of Velocity upon Yield. - In the in\esti^uvtion of the 
time factor, a tyjie of ajijiaratus was used whieii allows the mixture of 
f^ases to be circulated at dilTereiil rates, %itii continuous refrigeration 
of the product in order to scjiarate the ammonia forn.'ed. This a])pa» 
ratus is simihir to that employed in the lar^^e scale synthesis of ammonia. 
Uranium carbide was used as a, catalyst,’’ - and, in the exjierimcnts of 
Maxted, iron jiotash.^ Althou»,di of course the maximum yield is that 
which corresponds to equilibrium, yet it is not dcsiralile in practice to 

^ • * JfaLwT and Ir Itossigin)!, Zritsch. Eb kinnhan., 1 01 11, 19, 511. 

* ilai'jt'r and (lircnwood, ibid., 101.5, 21, 2tl. 

® AFaxted, ./. A'w, C/nnL Ind., 1018, 37, 232. 
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allow siillicirnl: Tor llir (•(|nilihrinni to lu' nearly attained, hfit 

rather to pass the at vsneh a rat<‘ that the spae( -linje-yield {S.T.^\) 
is a liKixinnini. The S.T. V. is deliiKai as the yield ol’anunonfa «\\[)n'sse(I 
in trains per luair and pea* e.e. c»t’ catalyst sps ce. 'Hie spaee-\ cloeity 
(S.\\) is tlu‘ rate of l!ow in litres p(‘r hour a ooni leinperal ure and 
at nidspherie pressnn , per litre of ('atalyst s])ace. In one series of’ 
('xperiinents at 51a"’ and p 490 atniosplieres j)ressnre, the Collowini^* 
results were' ol)tained : 


'Inne of contact (secs. ) 

S.W x l()3 


N’1I.{ p(T cent. 
S.T.V'. 


<S(r() 

7(> 

0!>l 


‘-»(»-4 
2 1-7 
;j;is 
0 () 


lOI 

f;t-s 

2'7, 

t-2S 


t-.*? 

1 50-«i 
2() 
2- 1 2 


4’hus, in spite of the lower pereenta^u; of ammonia IdrnHal, the spaee- 
time-yield is ijjcriased hy a moderate inenaisi* in the velocity of (he 
currx'nt of leases. 

The Effect of Velocity. An increase of pressure increases holh Ihe 
(ajuilihrium percentai>‘(‘ and th(‘ reaction va^locity. Thus at a pri ssure 
of almosph(‘res and a. spae(*-V(‘loeity of 2S-5, the percentaL»(* of 

ammonia is (M2 and tlu^ S.'P.V. is 1*.*}, whicli is considerably hi^^her than 
the comparable second S.T.^’. in the tabh*. In th(‘s(‘ experiiucnts aboiit 
50 ])cr cent, of the total possibh perccniacc of ammonia way formed 
by a contact of one to two seconds. 

The Catalysts.- Amon^- the catalysts which indn v. a sullici; ti* 
velocity at about 500'’ C. (or even tudow this t(‘m})era(m' ) are Kseiiniii. 
uranium, uranium carbide, iron, and metals of tlie iron yroup, or I hose 
similar to iron in their physical properties. 

OsDi'nim was used in the early (‘xperiments of Ilaln'r and le ffossiLrnol. 
it may be in rhe 1‘orm of yrains, or asbestos may be soaked in an osmium 
salt which is then reduced totiie tinely <livide(i metal. It is too (“xpeiisiv o 
for technical use. 

Vraniiini.- The commercial metal may l)e broken int'* small j)i(‘e(\s, 
or it may be |)repared by the reduction of m*een uranium oxidi' with 
sui^ar charcoal, 'riiese catalysts are I'asily :idis(‘d by trae( s of air 
or \vater-vaj)our. lienee they are unsuitable for continuous usex ddie 
same may lie said of sodamide, which was used in some early expeii* 
nients, ineludijiLi; those in connection with I he .\n;erican plant at .Museh' 
Shoals. Uranium may also b(‘ used i i tiu' form oJ' the carbide, wlmdi 
is prcj)ared in tin* electric nirna(*e from the oxidt^ and earb n. 

Cmm/n -The texide is reduced with ma^iicsium in an atmosphere 
of liydro^aai. 

Tun^den. -'["hi: eom .urcial nudat is heated in ehloriia', and (he 
chloride is reduced by .<^aseous ammonia. 

Man^ancfie in a state of line division may be pre])a’’ed from (la; 
amal^aun. The liij;h initial activity of this catalyst soon falls to a lower 
constant v’alue. « 

Ma^Ui’.siuvi and HcryHium C/jttnaniidc.s may be mad(‘ bydioalin^ the 
carbonates to 500" C. in ammonia. They are improved by an admixt ure 
of iroji. ' • 

Iron, This is the catalyst which has been most wididy ado[)ted, either 
alone, or with another metal of tire iron i^roup, or with C’r, Mo^ \V, ‘)r 
with promoters (xddc infra). Iron may be prepared it^ a very active 
lorm by oxidation in a furnace heated with oxyhydrooen (lames. The 
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okidc is broken up and reduced by hydro^rcn or ammonia at 500° to 
600° C, It can be freed from catalyst poisons by alternate oxidation 
and reducfion. Iron witli molybdenum has been largely used by the 
lladisehe Company. 

^ The use of })romoters ” wi'th the iron lias been found advantageous. 
Th(‘se are oxides of the alkaline earth or rare earth metals, alumina, 
silica, and jiotassium aluininatc. The yield is much improvT'd if two 
promoters are [iresent, of whicli one is a basic oxide, such as those of 



jiotassiuni and easium, and the other a more acidic oxide, such as those 
of alumina or zirconia. 'rhus it was found that iron with alumina alone 
gave a yield of 8 per cent., with ])otassium oxide alone 5 j)er cent., but 
with both together I t per cent, of ammonia. The manufacture of such 
a catalyst j)roceeds in two stages^ In the first, iron oxide is fused 
between water-cooled iron electrodes on a hearth of the oxide. The 
fused material is mixed with the promoters and nahiced in a curnait 
of liydrogcn. 

Svnne of the modern catalysts are so (‘ffective that they allow a 
suilicicnt velocity of combination at temperatures slightly above 300° 

' Ca/^alyst Bombs.— The simjditicd sketch of the apparatus used by 
Haber and le Uossignol wtll give a gcn(;ral idea of the manner in wliieli 
the combination is effected. The mixture | Ullg enters at A, is dried 







lOfi nitrogrn; 

*iinmionia in the rractcd oases tlieri liquefies in the vessel I, (ho outside 
of which is kept at (j()° to 70° C. by ii free/ino luixture. Tlie im- 
eoinbitieck nitrogen and hydrogen are eireulated as before. 

The Ilaber-lioseh bomb as used at Oppau consists of two fort(in<^s 
ol’ lunosten steel held toocYher by bolts (eeiilre of 15). The 
(landed ('lids are ehised by covers, top and bottom. The over-all 
(linH'iisions of this liomb are : lem^th t2 ft. S in., largest diameter 
5 It. 5 in., and tlie weioht is Tt.V tons. It is lined with eleel rolytic iron ; 
inside this is refraetory material, and inside, this another linin^,^ The 
internal sjiaee. of dianudia' 2 ft. 7k in., is occupied liy the catalyst. An 
elect ri<-al resistaiuM* heater raises the temperature inilially to (>00° C., 
and then this tenqierature is largely maintained by the beat of the reae- 
lion, conserved by oood heat insulation. There is a heat interelian^^er 
to r('du(*e the ti'inperatun* of th(‘ issuini*’ leases so that the ammonia at 
200 atnios])heres can be absorbed in wat(‘r, oivim^ a 20 (ler cent, solution. 
Th(‘ jiroduetion is 20 tons of ammonia per day. 

In th(' Claude bomb (lijjf. 10) th(‘ leases are heated by passing 
from A round the contact mass, then through, tliis and oul at C. The 
tubes M and T an- inadi* of niekel-ehroiniurn alloy. Kaeh bomb weijjjhs 
15 evl., and Iwenty-four of llu'se, wc'i^hin^’ IS tons, are r{‘(|uired to 
make 20 tons of ammonia, pcT day. ^I’he reacted i*as passes through a 
coil eooh'd exiemally by water, and all the ammonia, execj)! 2 or S per 
cent,, is liipK'fied id the enormous pressun*. 000 atmospheres. Kii»’. 17, 
the Casah' bomb,* illustrates some (h'tails of heal exehan^a.'. Tlu‘ 

I idle t, with llan^('<* (‘luls lil, is se'parated from its thin linini,^ 0 by a 
heat insnlalor S. Th(‘ llani,n‘s an* elosi'd by plates, of which tluj lower 
carries the ('lecdrieal resistance laaiter 7 and its ('leelrieal eonneetions 
11, and the upper the inflow and outflow tubes. The; mixhire of .leases 
enters the annular space bet ween the thin inner tube 1 and t h(' t hicik outer 
lulie 17, thus b(‘ini 4 ' heated by the reacted mixture which is passing- out, 
through 1. The cnt<‘rin,ir oases pass throuoh 0, 10, and 2 to the electrical 
heater 7, and thence throuoh the perforated [date's bS, the catalyst 
matei’ial, the holes »*3, and the passages 10 and 15, and out throuoh t. 

^ Cisiik- aiid Lejin stn', l'Jn(il{.sfi I’ait nt, ITlill l (l!)20). 
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HVDROXYLAMINE. 

Historical Methods ol Preparation. Ilydroxyljimijir hydnuMoi ide 
was (lis(‘()vri\‘(l iii l(S(ia l)y lAjssrn.* 'riiis salt, was pri'pai'i d hv passini^^ 
nitric oxide into a .solution ol’ liydrocliloric acid which was actiiiL; on 
till with evolution of hydroiTcn : 

‘ 2 N() f(>H - 2 X 11 d)Il. 

LaU'r the salts were prcjiared in the solid stale, and suI)s<m jiicnt ly 
I he fri'c l)as(‘ was isolated by heating- tlu* addilion eoinpoinid willi /in<‘ 
chloride, /nPU. 2X112011,“ or tietler. by addini'' sodium metho.\id<‘ lo 
hydroxylainiiK* hydroehlorid<' in melhvl alcohol, and dislillind oil first 
I he alcohol and theb the hvilroxylainiiK* at reduced pre.ssure : 

XIIoOIl.lU'l } (‘JrjOXa Natl i ( il.jOH i 

ddie jireparal ions of hydroxylamine ticnerally d( ja nd direel ly or 
indiiX'ctly ujion I la* reduction of mon* oxidised compouinls. 

’riie reduction of nitric oxide can also be (dTected by liydron'i'ii iii 
platinum sponj^i' o\'er 100 ' C'./’ as well as by nasc< nt liydroi^cn (ride 
S7//1/V/).''' Nitric acid, nitrati's. and nitric csba’s can also be reduced 
lo hydroxylamine by nasi'ent h^nlroi^vn Ibrmed (' irini*' I he solulion of 
Mj»'. Zn, ('tc., in acids, and by the action ol' water on sodium 
.imali^am/ as also liy sulphite’s, sulphidi s, and kathodie hydidifcn 

(see p. ISt). The reduction of nitriles by the same r('a_ii(ni> i^'iNcs a. 
most serviei'able method of preparini;' the salts {vid /i.'/.u). Another 
iticlhotl dcjicuds ujion the naluclion ol' nilni-comp.iunds, such as tiilro- 
methane and nilrot'orm. “• 

I'he Reduction of MUritcs bfi Sulphites. (dysliiWinr salts I'ormcd by 
h(' interaction of nitrates and sulphib s were preoared and analysial by 
Kremy,” 'riicse were lalc r shown lo lie alkali sabs oT snlphonie aeid 
ha-ivativi’s.'-'’' The direct addition ot‘ sulphurous to nitrous ae,d 

1 Los.scn, Zt ilsrfi. (Jhi niT, ISa.\ ja], i, -mI. 

•' Jiidl. S<u\ ISJW). [I»|, 3, lb); bS!)!, 6. !•.'{. 

lie biiiyii, I Sin, 27 . bSl)7, 

^ Jouve, Couhfil. rend,. bSllll, 128 , 1-1.') 

^ burbvii; and tleia, />V/-., ISdll, 2 . 1*71. 

Diver.s and lt:i;:M, Trans. Ctum. Sue.. ISSa, 47 . 

^ b()s.son, Z^:il«:h. Vlum., bS(ir>, |l’), i, dal. 

” J)iv('rs^irid lla^fa, 67a ///. A7 a'-'.-. ISHii, 54 , 27b 
“ MaiiJiiciio, ('onipt. rend., bS7a, 70 , 117. 

Donath, /)</'. It’/r//. Akad., IS77. 75 * •'**’*’• 

Preibiseh, d. prakt. Chew., bs7 b 1 I j, 8 , dCU. 

Moot and J^oclin-. /)’. /•., 1S7:>, 8 , 211). 

'PscIk rniak, ibid., IS7d, 8 , 81 , S. 

Fivinv, Annalcn, bSld, 50 , ;’,ld. 

61a n.s, ibid., 1881), 152 , 8:18. Ibd ; IS71, 158 , d2, lOV. 

Ra.s(>hig, lU'j., 1SS7, 20 , dsd. 

hivers and Haga, Trans. Ctnin. »SV/f., 11)08, 77 , t.12. 
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•could ;,uvc‘ (li hydroxy 1 m mine sulphonic acid, (II()). 5 N.S().ilJ, or its 
anhydride nilroso-.sul]))ionic acid, ON-SO^lIJ Actually, wlicii nitrous 
acid is added to an acid sulphite, or sulphurous acid is added to a nitrite, 
hydroxylaniinc disulj)honic acid is prodjiccd : 

HOA’O { 211*803 - I[0.\(S03ll)2 i n 

'J'hc acid is unstable, but the potassium or sodium salts may !)c crystal- 
lised from Ihc solutions obtained by the interaction of potassiiuu 
nitrite and inetabisulphite at 0^ C. : 

2KX()3 i JlKoSgO, I HoO =21K)A^(S03K)2 h 

'riu' solution, at first neutral, becomes alkaline, and the |)()tassium salt 
crystallises in rhombic prisms. On acid hydrolysis this i*‘iv(\s a salt of 
hydroxylaniinc : 

iio.X(so3ii)2 i 2i[20--iio.Nir2.iusOi-j iuso,.'‘ 


A concentrated solution of sodium nitrite (2 mots.) is mixed with one 
of NugCO-j (1 mol.), and sulphur dioxide is ])assed into tin* mixtun* 
until it is slightly acid. The solution containing*’ ll 0 .\(S 03 Na is 
Avarnied with a little sulphuric acid in ortler to elTcct the hydrolysis, 
which is completed o\cr OO'" (•. The resultijii*' soif^tion is lUMitralised 
with sodium carbonate, evaporated to small volume, when sodium 
sulphate (the decahydrate) crystallises. IToin the mother-li(}Uor a 
hydroxylamine sul])hate crystallises on cooliuijf. iMirlher details ahout 
the hydroxylaminc-sulphonic acids are ^iven on p. lb‘h 

Klevirohftk Preparaiion. -Nitric acid may be reduced to hydroxyl- 
amine (it a kathode of mercury or amaloamated lead in stron;;ly acid 
solution, containinij say 50 per cent, sulphurie aeid and *25 per eiait. 
liydroelilorie aeid. The nitric acid (50 per cent.) is run slowly into this 
cooled solution. The yield is over 80 per cent.'* 

Preparation of the Free Base, liu* base may he prepared in 
methyl -alcoholic solution as described above. Sodium cthoxidc aud a 
solution of ethyl alcohol may also he used, the yi(‘ld hein;^’ over 1-0 per 
eent.’’ By nsin^^ an alcoliol of higher moleeular weyuhl tlie yield is 
inereased. Thus the fraction dislilled from eomnu'reial taityJ alcohol 
at 1]5*5'' to 1 17-5'' C. is coiwerted into sodium l)utylate. This is added 
to hydroxylamine hydrochloride in more of the butyl-alcohol fraction, 
iisin^' j>h(’nolphthalciu as an indicator. The sodium chloritle is (iltcrcti 
off aud ihc iillratc cooled to 0*^ C., Avhen hydroxylamine crystallisc's in 
lar‘*:c white Hakes. It may be purilkafc by distillation viud(T reduced 
])ressure. The base may also be prepared by distillation of ihc iribasic 
})lios])hate, ( NIl 3 ()) 3 P 04 , in a vaeunm. Tlie yield is about M) per cent.*’ 
Properties of the Base.- Mydroxvlaminc is a colourless solid, 
crystallising^ in leaves or needles and havin^r a density at C. of 1-2*255 
(lirnhl ). It melts at 82 to 83'' C. and boils at 50 ' to 58'^ C. under 22 mm. 


^ Tin* (TVistalliiio cunnpuinid, which is ])roci])il!itcd (»ii, ctxdin;^ a fiot solution of poiaasiuju 
liydroxylantinc Hulplumatc hi 22 ]kt rent. KNUj sr)l..tinii, was rrj'anh d by llaHrlii;^ as a 
(Irrivativ-r of ( lIOjjN.tSOsir, hut it is inorr prohahly a jintassimii nitrit** hydroxylamine 
disulplionatr, KN() 2 .H().N(»S().,K )2 (Idvrrs and Ha;fa, IDOO, 77, 4112). 

*.ji)iver8 and Ifa^'a, ihid. 

1894, 65 , 52.1 

W^i: (ifionj. Chnu., 1002 , 31 , 280. 

^her and Hofmann, fier., 1022, 55 , 012. 
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jircssuro. The density" of the vapour under these conditions shows a 
normal niolui;. weight.^ “ 'J lie rf fraetive indices for scNcral wavc-IcnijtJis • 
liave been determined ; for the sodium line, r? The moleeiilar 

rel'raetion for tlie sodiuni line is 7*‘22.s.‘’ • 

Pure hydroxylamine Is dcliquescenl in air, very olidde in water and 
in methyl anti etliyl aleoliols, but scarcely dissolv -a in typical oroaint* 
solvents siieh as etiier and ehloroforrn. It may Ix^ reeryslallist'd, 
however, from boilinj^- ether. The solid is very inistaljle and beoins 
to decom]>os(‘ slow'ly even at ordinary temperatures, ex])losi\t'ly (Otr 
100'^ It also deeomposts in solution, especially in tlu' preseiice 

of alkali. Tlie products are No, and, to a smaller extent, X./). 

3NTl,OH-N . . (1) 

4Nll20n-2Nli3 I XgO I 3 IT 0 O . (2) '-‘ 

If more eoiubiiu^d oxygen is preseid, as in the nitrate and nitrili*, th(‘ 
ammonia is completely oxidised, and the products are nitric and nitrons 
oxidt's and walt'r. A eom))arlson of these with tlu' de(*omp<)sition 
products of annnoninm nitrate and nitrite shows clearly I hat hvdrtkxyl - 
amine is oxy'ammonia : 

.NTI 2 OII.HXO.J 211./) t 2X0, 

“ Nn.>OII.HXOo-2lI./) I X./). 

Properties and Reactions of Hydroxylamine Salts. Ikcom- 
•posidoit ofSalLs bi/ /leaf. Tlie livdroehloride decomposes in a somew hat 
similar manmT al ahont 150'' C. Jn the preseriec of alkali only a lillle 
nitrons oxide is formed, in aeeordanec with equation (1/ .ihove. In 
tlie presence of acids the reaction is displaced in the direction of 
(’(jualion (2). Tlie ehanj^e may occur throngh intermediate compounds : 
first two molec'iiles of liydroxylanvine .ijfive liydrox^ hydrn/.iiie, 
llO.IIX.XHo ; I Ills is converted into the diarnide of nitrons acid, 
II().X(XlL 2 )r wliieli is livdrolyse<l lo ammonia and nitrons acid; llie 
latter reacts ^vith more liydroxylarnine to give nitrons oxule. In the 
))r(‘S(‘iiee of liydra/ine liyciroeliloride, liydroxylamim' hydroeiiloride tle- 
eoiii])oses at about laO'^ ('. The jirodnels are nitrogen and ammoninm 
chloride : 

2XJl2()Il+NoIl4.IKI-2Xll/'l I No-I 2^ 

f/eaciioas of Ilydnkrijhumae Salts. Hydroxyianiin<‘ ami its salts are 
[)0W'erfn] redneing agents, tlie prodneis being oxides ol nitrogerw 
tiitrogen, or nitrons acid, ae^*ording to eirennistanecs. Ai. the sanit^ 
time it is capable of acting as an oxidising agent, especially iii alkalim; 
solution, wlicn it is all })re.senl as free base. The jiroduet of tlie .ein-tion 
s then aniinoiiia. 

Atinospherie oxygen, especially in I he presence of alkali, oxidises it 
’apidly to oxides of nitrogen. Strong oxidising agents, snefi .is ehlorir!!’, 
)otassinm permanganate, etc., may cause inilammalion. Salts of 
Tiereury, silver, gold, and platimini arc reduced with preeipitatioM 

i do Bruvn, ]kc. Tntr. rkiui., I8l)l. 10, 100; 1892. U, 18. 
a Hruhl, 7i<7-., JS93, 26, ; 1894, 27, 1347. 

® ranatar, Zeitsch. physikal. i'h’.in.. 19<)2, 40 > 47;.), 

• Bt'rt helot, Cdmjit. reJiJ., 1870, 83, 473. 

® Bert helot and Andre, ibid.^ IKIK), 1 10, 830, 

« tlofumnn and KmW, Bcr., 1924, 57*1 Bj, 937. 
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of the metal. Guprie salts are rediieed to cuprous oxide in alkaline 
* s(>lutiou : 

U’uSO, i ^NHaOJI 1 H\aOir -t>(u2^^^ ! 7lIoO. 

This affords a delicate (pialitative test, and also a uK'thod of esti- 
matiui)' hydroxylamine by means of Fehlin^’s solution. ^ As a (pialitative 
test it is sensitive to 1 in 10 (),() 0 () parts of solution. Ferrous iron in 
alkaline solution is oxidised to the ferric state.- Thus : 

i\ llgOI I h‘2Fe(01I > 2 + llgO --‘ 2 Fe(On ), I NH 3 . 

In Aveakly acid solution ferric chloride is reduced, ^^ivin^jf ferrous 
chloride and nitrous oxide. Wlien boiled with ferric chloride and a 
moderate amount of acid it is oxidised (juantitatix ely to NoO. 'I’lie 
titration of the ferrous salt with perman<j:anate allows a (juantitati ve 
determination of the hydroxylamine, 

2NII,OIl 1 O 2 -.‘IIIoO f * 

If there is only a small c.xeess of ferric salt the oxidation leads to NO : 
‘iNIUOIl |-:50..- .-ill.O } 2 N(). 

In eoncentraled solutions of sulphuric or phosphoric* acids it reacts 
with ferrous sulphate, ^nvin.!»' ferric and ammonium sul|)hatcs.^ Ft may 
also be directly oxidised by means of potassium j)ennan,ti;’anate.® 

Thermochemistry.- -The heat of formation of liydroxylamine 
from its elements is j)ositive and about twice as ^reat as that of 
ammonia. The value deduced from the heat of combustion of hydroxyl- 
amine nitrate is ‘2.3,700 cals, per mol.'^ That deduced from the heat of 
rechiction of th(' hydrochloride by silver nitrate is 2 t,‘ 20 () eals.® 

The heat of neutralisation with strong* acids, e.g. IK’l, in dilute 
solutiofi is much less 0200 cals, -than that of ammonia -12..300 cals. 
This is comu‘ct('d with the fact that hydroxylamine is a weaker base than 
ammonia [vide infra). The solution only reacts sli^ditly alkaline. 

The heat of formation of the hydrochloride, NH 2011 .Il(’l, from its 
elements is 75, .500 cals.-’ or 70.510 cals.,’^ about the same as that of 
solid ammonium ehlori(h*. The ^U'cater heat of formation of the free 
base is almost, exactly com])ensatcd by the smaller heat of combination 
with hydrochloric acid. 

Detection and Estimation.- In a^ldition to tlu* qualitative tests 
already mentioned, the followinij^ have been described. Sodium nitro- 
pru.sside ^ives a ma^-enta colour with a neutralised .solution. VVhiai 
treated with yellow ammonium sulphi(*i(' and ammonia, it ^^ives an 
cv'ancseent purple colour. The a])pcarance of this is accelcratc'd by 
the addition of one or two drops of N /10 rnan^umous sulj)hate. This 
test will show OOOOOo })tT cent, of hydroxylamine.^' /Vnother test 

^ Jfjiic'.s arid ( 'aifH-iitor, Tram. Ohan. Soc.^ 1003, 83, J304. 

" Stahler. lii r., iOOt, 37, 4732. 

^ Kascliig. Annalrn, 1887, 241, 100. « 

* JJray, tSirnp.son, and .Mackenzie, J. Anicr. ('hem. 1010, 41, 130. 

Hofniann and Kroll, Her., 1024, 57, fBJ, o37. 

® Ib^fjiiann and ibid., 1808, 31, 04. 

’ IVrtliclot and Andre, Compt. rend,, 1800, no, 830. 

” IkTllieh.t, Ann. (Mm. Phys., 1877, [.“d, 19, 433. 

'rboni.sfu, T/irrmoch('?niHry, trarisl. by Hiirk<- (Longmans, 1008). 

Angeli, (Utzzetta, 1803, 23, ii, 102. 

Fisc'lirr, Cheui. Zeit., 1023, 47, 401. 
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consists in the addition of an aniinoniacal solution of diacotyl nionoxiinc, 
which is converted into the dioxinie by the liydroxylaininc, and this is’ 
then identilied by the formation of a scarlei precipitate with a solution 
of nickel salt. ^ * 

In the presence of sodium carbonate or sodiun- phosnhale hydroxyl- 
aininc is quaniitatively oxidised by iodine, ^ a u' in the absence of 
oilier reducing- agnails it may be determined by means <jf this nsudion. 
It is aJso oxidised by iodiiu; in acetic acid sohitioti, but in the preseiice 
of hydro(‘hloric acid the naiction is a lialanciai oik* ; h^alroxylarninc 
will liberate iodine from hydro/^en iodiile.* 

Salts of Hydroxylaniine. Ilydroxylamine forms crystal I sid 
salts with acids; these are extensively hydrolysed and reaet acid in 
aipieous solution. Ilydroxylamine is a monaeid base, bu! these sails 
are only formed in presence of excess of acid. Many characteristie 
salts, with two or three molecules of tlu; base at I ached to a monoliasic 
acid, have been prepared. The salts are in most cases moderately 
soluble in water, very sparindy in (‘Ihyl alcohol, insoluble in ether, etc. 

Tin* inonohydrochloride*, XII^OI I.lK’l, is formed in the |)resenee of 
an excess of hydrochloric acid. It may be crystallised in pointeil 
crystals or leallets from hot alcohol. The. density of the solid is 
'riic solnliility (yrams in 100 i»'ramsof wat(‘r) is la-oT at 17 " It melts 
with decomposition at about 150 '^ (s(‘e ]). 100). WIk'u a solution of 

20 erams of the frc'c base in 200 era. ms of ethyl al(‘ohol is add'd to mu 
eonlaininif 12 grains of the hydrochloride in 12 c.c. of water, a . rystal- 
line precipitate of dihydroxylamine hydrochloride, (NIUOII )2.1 K'l, is 
thrown down. 

The crystals after washing' with alcohol and ether melt, at S.V (’. 
Tlu'v are easily soluble in water. A tribasie salt, {NTUOU l.llCI, can 
bi‘ prejiared by similar methods.^ Ilydroxylamine hydrt liromide is 
niad(* by the doufih* decomposition of the suiphate and barium bromidi*. 

It is rather soluble in water. \ dihydroxylamine liydrobroinide can 
lie made by adding mon* of the fri'c t>asc.'^ Ilydroxylamine hydriodide 
can be crystallised by (‘\aporatiou ///. rurno. It cxjilodes v. lan lusited 
to <sn" or SI-"' The dibasic'*^ and tribasie hvdriouides are mon* 

dable. 

Ilydroxylamine sulphate is obtained by the metliod of ])rej)aration 
Icseribed aliow*, p. 108 ,^^ It is well cryslallisi'd, either in the monoelinic ^ ‘ 

)!’ in the triclinic system.*'’ The solubility In water is hiyh ; aecoroin;! 

() Adams, ^ 100 parts of water dissolve* the following- vveii,di s : — 

°C. — 8 0 10 20 80 to 50 0) 00 

re A) '807 0;320 0'800 0-118 01 tl 0182 0-522 0-5(5() 0 085 


‘ Jiitvschcl ami VrrliMfaT, Chnn. 115 a /./ ar/, 15)23, 20 . 315) 

“ llajTa. Trtin-s. ('him,. Sor., 1.S87, 51 , 7!)l, liOl. 

^ Adams, Anwr. ('fn)n. .7., 15)02, 28 , 15)H, 

« IJofmaTifi^Kid Kr<»]l, />Vr., 15)24, 57 , |B1, 5)37. 

^ V. liang, JAeb. Anmih n Siippi, ISOS. 6, 220 . 

* iSdliifT ami .Mujisacclii, phij.si.bti, CV/r;//,., 185)0, 21. 2 ‘- 1 

’ Lo.s.si'ii, AniKih rt, 1871, 160 , 212. 

** and (lioll, Ikr., I'Hil, 34 , 2417. 

® J’il(»ty and Kiilf, ibid., ISOT, 30. 10 . 70 . 

DuiistiUi iiml (jidulding, Trans. (An ta. Xor., 185)0, 69 , 83'). 
I’rcibiacll, ./. imdl. TAc//*., 1873, 1 21, 8 , 310. 



The salt enn re))lacc annnoniuni sTilphatc in alums, sucli as aluminium, - 
f<Tric, and ehromie alums. The bisulphate erystallises in prisms from 
a solution (*oniaithnj>’ tlie theoretical ])roportions of Llic l)a.se and acid.^ 
The niti^ile, Nfl/HI.lINOg, is prepared in solution by the action of 
silver Jiilratc' on Hie hydrochloride or barium nitrate on the sulphate. 
It is very soluble in water, whieli only yields the salt in a hytrroseo])ie 
mass after evaporation and stroii'x coolint/. It is decomposed on heatinof 
(sec p. 10 «S), 

The plios]diites, phosphates, sub-phosphates, arsenates, vanadates,^ 
the dithionate,*'* and the salts of some organic acids, are known, as 
w(‘ll as the ammonium or potassium hydroxylamine salts of some of 
these acids. 'J’rihydroxylaminc phosphate is more sparingly soluble in 
water than tlu salts considered above, the solubility at 20 '^’ C. being 
only 1 - 1 ) grams in 100 grams of water. The solution reacts acid. It is 
noteworthy that the tribasic ammonium phosphate is more dilUcult to 
|)ref)ar(‘. This fact, taken in eonjunciioji witli tiie easy decom]X)sition 
of the salt (see p. 108 ), has led to the belief that it should ht' formulated 
as hydroxylamine-dili} (Iroxylaminc-hvdrogeii phosphate, 

N1Io01I(N1I.5()II)2[IP04. 

Addition Compounds.- Hydroxylamine forms addition compounds, 
jinalogous to the ammines, witli salts of the alkaline earlhs (ineludiug 
magnesium) and with those of zinc, cadmium, merenry, inangan(‘se, 
cobalt, and nickel.^ Ilydroxylammines of silver and cop])er, if formed, 
cannot be isolated on account of the reduction to metals by the hydroxyl- 
amiiu' (sec this seiies, Vol. X.). The derivativi^s of tri valent cobalt, 
e.g. Co(NIUOn)6Cl3, are quite analogous to the ammines, Co(Nri.5)(.Cl3 

In the platinum series both platinic and [ilatinous derivatives arc 
known. The compound rcpresimted by the co-ordinated formula 
I Pt (X II oOl I )4 |(’l 2 (lissoeiates electrolytically ; but [Pt ( XII gOI I )4 1(011 )o 
is not an electrolyte, while tlu* corresponding ainmine is oiu*. and 
reacts Jilkaline. Also the (ilalo-eompound |Pt(Nll 20 II )2X2l is not 
an ( leetrolyt(‘.^' 

Sulphonic Derivatives of Hydroxylamine. The ])rej)aration of 
liydroxylamine /^jS-disnlphonie acid and its salts lias already been 
described (p. 108 ). 

The potassium salt of hydroxylamine aj 8 j 3 -trisulj)honie acid is made 
by oxidising that of Hie / 3 ^-disul])honie acid with lead p(‘roxide or silver 
oxide ill alkaline solution. Tims : 

riHO N(S 03 K)oH KOH i PhO, 

.^2{(S()VK) 0-X(S()3K)2}4 Ki\T 2Pb(OIl)2. 


^ Divors. Trans. Chem. So<\, 67 , 22(). 

- llul’miinn ami Kolilwhutl<T, Annalcn^ 307. 814; also irofinariie Zfihrh. nmmj. 
Vhnn., ISas, 16 , 4(58. 

■'» 8 al)aJU‘jcfl’, ibid., 1898, 17 , 480. 

' Losseii, Annalen. Snpjd., 18(58, 6 , 220. 

•' Niition, JinJI. Sor. chim., lOOo, [.*1 j, 33 , 412. 

S hlcnk and Woioh.sclfaldcr, IJrr., lOJo, 48 , (5(59. 

' Ffldl, ibid., 1894, 27 , 401. 

^ Ikol, J)issirl.nllon, Zurich^ 1901. 

• ” , \l(‘xan<]ri-, Anvnlen, IMSS, 24(5, 289. 
l-ldenhuth, ibid., lOOO, 311 , 120. 
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T)k‘ roMction probal)!) procrf'ds ihronnfi an intennodiatc \ iolct -cohain d 
nitrosD-disiilplionato, * 

C)\ -(S().,K).. or (KSO,), .\(). \() (S(),K),. 

A j)r('|)araf i(Mj ol' llio |K)tassiiini sail, of llu* his Iplionic acid has Im'cii 
described in detail.^ 1200 c.c. of 5\ sodium Ids ilphitc is added wilh 
stirring' to a, mixture ol' 1000 orams ot ice and laO nrarns of e(mmi('reial 
sodium nitrite, the lemperalure not bein^ aI!o>\'ed to :ise a])ov(' ; > ' ('. 
Tii(‘ solution is \vi‘ll shaken with 000 i^rams ol’ lead pt'roxidt' and warmed 
on a watei’-])ath, with continued shaking-. The solution is liltered, the 
filtrate warmed Avith MOO trains orteelmieal potassium (‘hloride and the 
preeipitat(‘d PbCl^ tillered off. The liltrate, afler thn e days, deposits 
thi‘ potassium salt in monoelinie prisms. It is driid on porous plates 
and o\a'r ealeiiim chloride. 

Th(‘ salt erystallisc's wifh 1.1 nails, of waba* and is easily soluble in 
water. The sodium salt crystallises with 2 mols. of water (monoelinie) 
and th(' ammonium salt with 1*, mots, of water (rhombic). The 
maitral or alkaline solutions are slabha 'I'he acid solutions are hydro- 
lys('d on warming, ^i\'inij as a. lirsl product a salt of the a/:^-disulplionie 
acid, KO SOo () - Nil S().,K. This is isomeric with Ihe /^/^ali- 
sul[)honatt'. ])ut diftVrs from it by erystallisini*' anliydroiis, and L^iN’iii!.;' 
no colour witll alkaline lead pcrr>\i(ie. It is distinguished from I In' 
trisulphonale by its stability at 100 ’ i\ Tiie sodium and ammonium 
salts are alsoaknown.-* ‘ 

The prejiaratiou of th(‘ a/^-sulphonat(‘ is effeettal by dissoh in^' ) .J.'i 
^ranis ol‘ the dry trisul|)honate in <S()0 e.e. of boilinj^' wat; r which con- 
tains 1 e.e. of dilute JICI. Any lead suliihati* is remo\(‘d. and Ihe 
liltrate deposits the (lotassium salt in I'olourless crystals, the yield beini»' 
about })er cent, of the theoretical.' The salts eontaif, three aloms 
of alkali metal ()er moh'cuh* of compound or atom of nitro^cMi, and it 
is IliertTorc' to b(' supposed that the hydrogen of tlu' imino-uroup is 
also re[)la(*ed, ni\ inj 4 ', SO-Jv O - XK .SO.jK.rill/). Tlu' partial 
hy(h’t)lysis of this compound may possibly i^ive the moiiO-a-sulphoim* 
acid, (SOyll) 0 Nil 2 , sine(‘ llu' solution at oju' sta;fe sets frt.'(‘ 
iodine from potassium iodid<‘. a reaction which does not lake place with 
hydroxylarnine itself or wilh the /i-aeid. The «-aeid miL>hl, howe\'ei-, 
beha\'e as an oxidising ancmt, since it may Ik' rei<ard(‘d ;is llu‘ amide' 
of permoiio-sulf)huri(‘ acid, (SO.jH) () Oil.-* This a, or isosulphonie 
acid has b(*en j)repared as a miere)erystalline powder bv the action of 
ehlors\dphonie acid on hyeiroxylamim* hydrochloride 

1 /nr., 56, (Bf 

^ Tiitn.'t. ('hi tn. St>r., UM)!, 85, IO8. 

^ JlasrliiL% firr., 30, 

’ If.iir.i, Tr(Uis. ('hi tn. 89, 210. 

Nuiiuiirr ;uid 'ri inplin, /></'., 15)11,47, li:21. 
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CHAPTER VI. 


xNITROGEN AND THE HALOGENS. 

Nitrogen Halides. TJie only dclinite coni] hhh ids of nitrogen with 
halo^^i'iis wJiich iiavc been prcjiarcd are tlic (‘hloride, NCI3, and the 
iodide, NJ3H3. Nitro^fcn Ihioride was thoiij»hi to be obtained by the 
electrolysis ol ainnioniuni IhiorideA but tJiis was shown later to be the 
ehloride derixial from the annnoniuni chloride as impurity.^ Nitrof^en 
bromide is stated to be formed by addin*^ potassium bromide to nitrogen 
chloride under water, when an ex])losive dark red oil is obtained.*^ 

Nitrogen Chloride, NCI3. Tliis compound was lirst isolated by 
J)ulon<:( in l<Sn, by the action of chlorine on aejueous ammonium 
ehloride : 

NH^C’l-hSCla NCl3f HTCl. 

The prcjiaration of this explosive substance may be safely elTeeted 
by invertin^r a ti-litre llask iilled with chlorim* over a leaden capsule in 
a w’ann saturated solution of atiimonium ehloride. Small oily dro])s of 
Die nitrooen ehloride form on the sides of the Mask and col feet in the 
cajisule, w'liih* afisorjition of the ammonium chloride takes place into 
the llask. Only small quantities of lh(‘ compound are allowed lo 
aeeumulate in the capsule, which is removed by tonics and replaced by 
a, fresh one. 

Nitro^^cn trieliloride sejiarates at the anode duriiiLf the electrolysis 
of a saturated solution of ammonium chloride at 2S‘' 

Ammonium eliloride r(‘aets with a solution of hypoehlorous .acid 
to form nitrogen trichloride, also with se)dium hy})oehlorit(‘,^ or a 
suspension of bleaehin^f powder in water (calcium hypochlorite).^ A 
convenient metlajd is to add 300 e.e. of a solution (20 ]>er cent.) of 
ammonium ehloride to 3 litres of a suspension of bli*aehini>' })o\vder in 
water eontainiji^^ 22-.) ijrams of active ehlorijic saturated with hydrogen 
ehloride. 'J'his reaction jnixture is shaken witli 300 e.e. of ben/ene, in 
which the nitrogen trichloride dissolv(‘s. and this btaizene solution is 
j)oured through a Ulter containing 20 grams of (‘aleium eliloride. The 
dried solution thus obtained contains about 10 per cent, of nitrogen 
chloride. 

A inodilieation of this method is to carry out the experiment at 
O'" C., omitting Die' hydrogen chloride and the benzene.® 

^ \Vam*n, Chevh. Nev'.^, 1887, 55, 289. 

- innT and (jlciacl, Ikr.^ UMKl, 36, 2C77. 

•* Milloii, J/m. Chiia. 1838, [2], 69, 75. 

^ Jlulojik, Ann. Chirn.y 1813, 86, ,37. ISee also K lye.s and byin, Amn\ Chnn, J.^ 1900, 
23, 400 ; Hray and Dowcdl, J. A^ner. Chem. Soc.^ 1917, 39, %5. 

® Kollx?, J. prakt. Chem., 1847, 41, 137 ; Meyer, Ikr., 1880, 21, 20 ; Hofer, Chem. Zeit., 

1 890, 20, 470. 

® Halard, An?i. Chim. Phys., 1834, (ii), 57, 225. 

^ ’ JlentHclifl, Ber., 1897, 30, 14.34, 1792. 

® ITiMitsohrl, ibid., 1897, 30, 2042. 

* Rai, Chem^ News, 1918, 2.53. 
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Anlmlrons ammonia and cldorine react to j^ivc nitrot^cn trieliloridc,^ 
mucli of wfiieli decomposes into nitroijen and "‘lilorim* either dln'ctly 
or by tile action of the ammonia.* 

Propniics. Xilrofivn chloride is a yellow volaiile oil with a pim; 4 (ail 
smell resemblinif (‘hlorine, the vajioiir of which attacks the eyes and 
mneoiis membrane, 'riie (haisity is and hoilin^-point 71 (’. 

When heated above IKl" (’. it decomposes cxjilosively into its elements. 
It (explodes viohaitly wlien (exposed to strong' lif^dit or when broin^ht 
into contact with m.any snlistanees, such as o/om*, phosphorus, arseni(e 
alkali(\s, and orijanie matter. Tims a feather dipjied in tnrpenliiu and 
appli(xl to a small drop of the oil d(‘tonates it imnu diately. (jeta rally 
speakinfj, it is stable in the presence of metals, strong acids, resins, and 
snirars. Ori»anie solvents dissolve nitrogen chloride, giving highly re- 
fraeting yellow solutions which an* stable in the dark, but gradnally 
decompose when exposed to light. 

Many experinu‘nt(‘rs lia^’e suffered from the explosive pro})erties of 
this substance, including Dulong, Faraday, and Davy. 

The heat of formation is given as .‘ts ITT C'als.^ A more n’cent 
delermination giv(fS tlic lusat of formation of the comjiound in carbon 
telraehloridc from gaseous nitrogen and gaseous chlorim* as at-TOO 
(’als.=* 

Nitrogen chloride is hydrolysed by water to ammonia and h\ po 
chlorous acid,'* 

N('l, ! ;3ll20^c^Nir, I ;3I[('1(); 

which is probably an explanation of the naidy formation of amnaaiia, 
and also of the greater solubility of the eomjxjund in hydrochloric acid 
than in sulphuric acid, as ihe former iraets with the hypochl.irbus acid, 
'riuis, wlu ii a carbon-tetrachloride solution of nitrogen chloride is shaken 
with moderately concentrated hydroehlorie acid and the aijiuoiis 
solution (freed I'rorn excess NC'ljj) boiled with |)otassi»nn hydroxide, a 
quantity of ammojiia, is evoh ed : •’* 

Ncij-i ;jii.>o,--NTi, 1 mm, 
iicio+nVic -cT, i iL>(), 

The benzene solution of nitn^gen chloride may Ik* used as a chlnnoal - 
ing ageid: for organic comjK'miids.** A(jueous solutions « f ammonium 
chloride* dc^eompose nitrogen chloride — the (joneentrated solu*’ ui (jinekly 
and the dilute solution more sl*)wly : 

Nll.Cl-f-NCl3-No i tllCl. 

Coustitntion.- -The formula NCl^ was lirst assigned by Dulong,’ 
dthough Davy ^ considered that there was chlorine in excess of tbvd; 
‘eqnired by this formula, while some later investigators eonelnded that 

^ Noyca and tfaw, ./. Am'-r. Cfit in-. >Sor., 1920, 42 , 2107. 

^ Truest, Compt. rend., 69 , 20 1 . 

^ Noyes, J. Amrr. Cham. Sor., 1925, 47 , I33(». 

* tkiliwiinow, Bar., 1894, 27 , 1012. 

® Ciiapman and Vodden, Trmui. Cham. Bor.., 1909, gij, Ji. 

® Jlentschel, Ber., 1897, 30 ; 1898, 31 , 210. 

’ Duloiig, Schwa ujgar'.’t J., 1812, 8 , .82. 

« Davy, PhU. Tran.<t., 1813, 103 , 1 , 242. 
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, livdroi^vii ^va.s nlso prcscnl.’ (iatlrnnaim,“ liowcvi r, foimd lhal tiu* 
amount of chlorine* prc.scnt closely ii^nrcd with that for N(’l;{, hy dc- 
cofn|)osii'^' nitroi^^cji trichloride* with ammonia, and estimating;’ the 
(‘hloriiH* in the* re‘snltino‘ anmiotnnm e*hle>ride‘ as silver chloride. This 
re'snlt has been conlirnicel.^ 

Nitroj^en Iodide, N 2 H;il 3 . A vciy explosive eompound of nitre)^fen 
aiul iodine, dise‘overe*d by Gemrtois in 1<S1*2, was inv(‘sti;L>ated later by 
Scnillas,'* Nvho jnepared it by the aetiem e)f an alcoholic seOutioii of 
iodine on aepieeius ammemia. 

The* aedion of stre)n‘f ammonia solntie)n on se'hd ioeliiu* also proelnees 
the snbstane'e* as a })laek poweler, which can be* lilt creel olT.^ 

Alcoholic solutions of ie)eline' and ammonia [>re)dnc(‘ the same 
e*{nnponnd.^’ 

A convenient methexi is to adel Ljraelually a solution of iodine in 
potassium ie)eliele to a(jue*e>ns anime)nia, wIk'u a black [n’ceipitate 
s(‘parate's.‘^ 

The* reaction between ie>eiine anel amnmnia a])j)(*ars to j)r()e*eeel in 
thri*e sta^vs.® Firstly, hype)ie)dons acid and ammoninni iodide an* 
produced : 

I L HOI i Nll,l; 

and the hypoiodous acid further e*ombine*s with aninjonia to form 
ammonium hyj)e>ie)dite* : 

NH, OH l-HOI XH,IO } H./). 

Finally, the ammonium hypoie)elite elee'ofupose's into nitroiren iodide: 

:t\H,IO^:^N2H.J:. ! XHjOH f ^H.O. 

The last reaction is appar(*ntly re*versible*, as lie* nitrogen iodide 
rcdissolves in stronif aninu)nia.‘‘^ 

Ammonium iodiele and })leae*hin2-l><>wd('r solutions also j^uve* tlm 
explosiw nitroiL;’en iodide.^*’ 

I* i'o parties. Xitro,i;en ioelide e*\ists in the foriei o*' llatte'fjod iK'edles 
whie’h are copper-e*e)lour(‘el by rellected li<>ht and re'd by trans?nitt(‘d 
li^ht, with a. elensity of It is e)ne ofthe me)st (‘X()losive orsnbslance.s ; 
when dry it will cxj)loele spe)ntance)usly or by the li^hte'st contaed, even 
that of a feather. Warming’ or expe),sun* to strong lij^dit also causes its 
explosive decom})ositi()n, and in all its reactions it tends to breiik down 
int(j nitroijen and hvdre>i;en ie)dide. 

The (:omj)osition of tnlre)i;e*n iodide has been the subject ol‘ much 
investigation, but it .s(‘ems that the usual product of ammonia and iodine 
is Xla.NH^. Sodium snl])hite is oxidised to the sulphate according to 
the following equation : — 


^ PotTot, Wilson, and Kirk. (HWrrt's ISl.'k 47, 50, 09; (Jhidstonc, Tntns. 

Chrm. Sor., 1854, 7, 51. 

- (JuttcM-niaiin, /jVr., 1888, 21, 755. 

(.'hapMian an<l \5xldt*n, Trana. ('hnn.. Soc., 1909, 95, 138. 

‘ Sorullas, Ann. Chini. Pht/'t., 1829, (ii), 42, 2(‘0. 

•' 8ta.s, Of-,sdze dvr Pro}torlione.n , Li*i)»/,i|f, 1807, |». 138. 

“ Jlunsoii, Annale.n, 18.72, 84, I. 

’ Sohonboin, J.'prakL Vhv.ni.. 1801, 84, 385; (luyard, ('ompl. rend , 1883, 97, 520; 
Ann. Vhim. Phjfs., 1884, [0], i, 358. 

■ ** •Holiwanow', Her., 1894, 27, 1012. 

'•* Cliatt;nva.v and Orton, Amrr. Chem.. ./., 1900, 24, 331. 

Oladstono, loc. cit. 
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;iNa 280 , j I 2 NII ,I | 111 . 

TJic reactioi) Inlwt'f'ii iiitroi^cn iodide and zoic ethyl eonlirins (he 
composition 

NoIIJg f ^JZ]i(C Jl5)2-;3ZnroI[,r i Nil, 

A black explosive compound is oblained when silvei nitrate* is adiled 
to nitrogen iodide snspende'd in waler," which has lie* composition 
XI,.\mNI 1 ,.^ 

The Jiydrolysis ol nitrogen iodide by wahT proeerds ae*i*ordijiLj to I la* 
eepiation ^ 

NJI.,I, 1 ;)IK() r-LLVlIpO ! lilO. 

Mafiy snbstane(‘.s are readily oxidisenl by nil rotten iodiile : hydro'ie ii 
iodide liberates iodine, hvdron’en chloride* Idrins iodine ehle)ride‘, h\alro;^(‘n 
cyanide <^ives iodine cyanide, I(‘N, and alkalies form a mixture of iodide* 
and iodate. 

At low te’nip('ralnr(*s a number of adelilion compounds of iiih-onen 
iodide can In* produced, such as NI-./JNlI.., M.5.;L\Il3, and I ‘iXH.j.-' 

Moiiochloraniine, NII.j(iI. (iatlermann ^ came to the e’ojielusion 
that tlu! chlorination of annnoiiia o(*enrs in three slave's ; 

(1) XIl.j i Cl., \ll.>CI(monoehloramine) 

(2) XII.A’I i CL, ..XHCI,(diehlorainine)-i IK'I, 

(»‘i) XIICIo l-Cl., -XCI;,(triebloramine)-|- HCI ; 

bill it was not found pe>ssil)leto isolate eithe.*r mono- or di-ehlonnuinc i-y 
this metJiod. Uasehie,^^ however, prcjiared monoehlemimine by mi\mi( 
dilute* e((ijime)l(.‘eular seelutiems e>f ammonia, anel soelium bypejchleirile , 
and distilling' the* nuxture at low lempe'rature's in a \aeunni : 

XII3 ; XaOCj.---XIl2CI-, XiOIL 

An unstable yellow liejuiel is eeblaineel v,'hie.*h caji be* se>lielill('d inlo 
colourless unstable eryslals with mell inj4'-poinl (id C. 

]Memochle>ramine* is also preieiue'e'el i)y the* hvdroly.sis erf polassium 
elileiramino-sulphonate* with dilute* mineral ae*id.‘' : 

XIICI.S().,K LllA) XllA I I KIlSOj. 

^fonoehleiramine is eleeomjieiseet by aikalie.s with the lormation of 
ammonia and nitre)<ren : 

/ (i) ;jXIf.,(l h'‘ 5 K<>ll MI ri X.. i ;il\( I ; tui.>(), 

V(ii) :L\H2CI-r2NIl, r.:..X2i :l\ 1 I,,(' 1 ; 

but at the same time some of the ammeinia re*ae*,t.s with the chloramine 
to jiroduce a small amount of liyelrazine hyelre)ehlonde : 

(iii) XIl2(J+Nn3-:N2H,.HCl. 

Monochloraminc reacts with pota.ssiiim iodide to form nitro^e/i ioelieh*. 

^ iSiJUs'fHtt, Tran.H. ('hent. Soc., nH).>, 87, .l-j, tili. 

“ Szeibay, lir r., ISlC}, 26, 

^ Ann. ('him. Phf/'f., lOOU, (m'i). 21, r> ; ItiilT, /Ar., l!K>(i, 33, 

■* Oattornuiim, ibiil,, 1888, 21 , TOO. 

•’ I{a.scIliJ,^ V^|)^h. (ic-'i. dent. Nnlurjorsch. Aerzte^ 11)07, n, i, 12().* 
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OXY-HALOGEN DERIVATIVES OF NITROGEN. 

Nitrosyl Fluoride, NOF. -Nitrosyl iluoridc is prepared by passiii^f 
nitrosyl chloride over siJv'cr fluoride in a platinum hi))e licaic'd to 
250" (\, and (rondeusinjr I he in a platinum receiver immersc^d 
in litjuid air. Tlie liquid is purilied by fractional distillatiou at a low 
temperature : ^ 

NOC 1 - A^rCl I NO F. 

Propcriu'ti. At ordinary temjwralures nit rosyl lluoride is a colourless 
i^ras, whieli li(juelies at C. and solidifies at — V. The va[)our 

(lensily (compared with air as unity) at 700 mm. and C. is 
which ajj^rees with the formula NOF. 

Chemically the gas is very active, many substances reacting with it 
in lh(‘ cold. Thus sodium, silicon, boron, phosphorus, and antimony 
inflame, producing the corresponding lluoride and evolving nitri(; 
oxidi'. Lead, antimony, bismuth, and copper an* only slowly attacked ; 
while sulphur, carbon, and iodine arc without action even on heating. 
Arsenic and antimony pentafluorides form additive comjmunds wath 
nitrosyl lluoride.- 

The gas fumes in moist air, owing to the formation of hydrogen 
lluoride and nitrous acid, which decomposes, producing browai fumes. 

Nitrosyl Chloride, NOCl. (1) Nitrosyl cliloride may be j)re])ared 
ill many ways. It W'as lirst prcjiared by Gay-Lussai* by the direct union 
of nitric oxide and chlorine : 

2N0 1 (I.,-2N(K1. 

(2) The most convenient method for ])rodueing ])uri' nitrosyl 
chloride is by the decomposition of a qua- regia. ^ A mixture of 1 volume 
of eoneent rated nitric acid (sp. gr. J-I2) and I volumes of hydrochloric 
acid (sp. gr. ITO) is gently warmed, and the nitrosyl chloride and 
chlorine dried by means of calcium chloride. The dried mixture of 
gases is then led into concentrated sulphuric acid, which forms nilrosyl- 
suli)hurie acid with the nitrosyl chloride, wdiile the chlorine and some 
hydrogen chloride juiss on : 

^ /Oil 

NOCl hS02(oii)2-so,<; -i-iici. 

“ -ONO 


^ Riitt fiiul Stiiu))er, Zdhrh. (Jh.m., 190.5, t;7, 190. 

“ RuiT juui SiiiiilK'r, ihid. ; 1008, 58 , IJ2.5. 

^ ,(JHy-Lu.ssac, Ann. Vliim. 1848, [.’Jj, 23 , 208. >Sf(' also Wtiurlzcl, ./. Chini. 

1918, II, 211 ; 1’iautz, ZatM-h. nnory. C'hrvi., 19i4, 88 , 28.5; Franrosconl and Rrt’sriaiii, 
Atll li. Acatd. Lined, 1908, [.5), 12 , II, 7.5; RcjubaolT «iid (luye, ./. Cfiim. phyn, 1911, 9 , 
290. ■' 

* Tildeii, Tram. (ihvm. Soe.^ 1800, 13 , 080; Girard and Rabst, Bull. Boe. e/iini,., 1878, 
(ii), 30 , 681. 
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The nitrosyl-siilphiiric Jicicl is decomposed by droppinjr the satXirjited 

sulphuric-acid solution on to dry sodium chloride : 

/Oil /Oil 

so/ -fNaCi-sOo<; f:;()ci 

\ONO “^ONa 

(3) Dry hydrogen chlori(l(! passed into lirpiid nilro^cn Irioxidc 
evolves nitrosyl chloride, which is not (piitc pure : ^ 

2IIC1 ^ N A - 2NO(1 f ir.o. 

The rollowine methods have been used Tor the pre[)aralion ol‘ nitiusyl 
chloride, but none ol' them i^ive as pure a prorluct as that j^ivcai 
under (2) : — 

(•1<) Distillation ot j)olassium nitrite with ])hosphorus pcntac'hloridc' : 

KNOo \ \\ \,- -SOV\ \ K(d-t IMH l.j. 

(a) Nitric oxide decom])oses ferric chlorirh! at a hi.i(h leinpcratur(‘ : - 

FeCI^ 1 NO-FeCU-t-NOFl. 

((>) Nitrosaniincs react with hydroi^^m chloride : ^ 
n ,N .NO h I K’l -UjNHd NOCl. 

Vruperiics. - Nitrosyl chloride is a yellow ^as at. ordinary teinj)era- 
lures, with a suffocating^ odour. It is readily iicjuelied by pa sin, ^ thn)n;^'i 
a tube immersed in a freezin,i» mixture, and a rc'd li([nid is ol)tained 
which boils at a’5'^ F. at 700 mni.‘ The chloride is obtained as a 
yellow solid by further eoolinl,^ The m(‘ltin,i»-point is va>’iously ifivaai 
iis (15^^ 0(V^' to Ot^ C.'^ 

'the varialion in density of li(iuid nitrosyl chloride witli temperature' 
is ,i 4 'i\en in the following’ table : — 

Temperature, 12 15 -IS 55 

Density . . M105 11250 1 1330 I -.>50 

'riie critical temj)eratnr(‘ is 1(53" to HtF C.’’* 

Nitrosyl chloride docs not b(‘jj;in to dis.sociate until tiu' relalixcly 
liij^’h temperature of 700'^ F. is reac'hed.^ 'the dissociation into j/ilrie 
oxide and chlorine is attended with the ib.sorption of 1 t-l Falsd 

The absorption spectrum sh()ws three bands in the rc't and lhn*e 
feeble bands in the ('xtrenut ureen.^ 

Nitrosyl chloride is innnediatcly deeomposc<l by water \^ith tfu' 
formation of hydrochloric md nitric acids. Most metals la'aci with tfu' 
i,^as (^^old and platinum are unaffeetcxl) to j^ive the mctallie chloride 
and nitric oxide : 

{ NOFl II^FI t NO. 

- ___ — - 

‘ Briiier and Pylkov, J. (-him. IU12, lo, OlO. 

“ ' Thomas, (-onipl. rend., 189.o, 120, 447. 

® fiaohnianii, Ber,, 1900, 33, 1035. 

■* van Ht'tcnni, Zc.B^fch. anortj. (Vtem-., 1900, 22, 277. 

^ tVanoe.sooni and Bresoiani, Adi R. Acmd. Lined, 11)9.3, 15], 12, II, 75. 

* (jeutJier, Anmlm, 1888. 245, 90; Brincr aiul Pylkov, hr. cil. 

SiidboroU|?h and Miller, Cheni. Xums, 1890, 62, 307. 

* Magnanini, Zdtdch. physikaJ. Chem-.t 1889, 4, 427, 
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NITROCIEN. 


iVctnllic oxides and liydroxidcs Tonn corrcspojidini; nilntcs and 
chlorides : ^ 

•iKOIl I XO('I: KXO., I KC1 flloO. 

Manv niclallic chlorides lorni additive coniponnds with nitrosyl 
chloride' CnC'l.XOd, lhn,.X()C}, Zn(l..X(H^l, Kc('l.j.X()0h 

Sn( l,.2X()('h ShCl,., 5X0(1, Au(1.,.X(KI, l't(1,.X(K l. The last two 
eojnj)onnds arc stable towards heat and may be sublimed, but the 
majoiity of these substances decompose on heatin.i^ with evolution of 
ehhu'ine or nitric oxide* : 

Cu(1.XO(1--(1iCl2 t NO. 

I'nsaturated organic compounds also form additive eonipomids ; 
>(:-c:<d NOci- > >('(X()) ('{(1) 

Amine s arc elce'omposeel with the; formalie)n e)f ehiorielcs ane! e\'e)lu- 
lie)u of nit ron’cii : “ 

ITXII. i N()(1- 1K1 i X. , IIoO. 

Sulphur Irieexidc reacts with nitrosyl chloride* te) Ibrm nilre>se)- 
sul[)liuryl e*hh»riele. 

Nitrosyl Bromide, NOBr.- The elire'ct unie)n e)f nitric e)xielc with 
brejinim* e)e*e‘nrs when the i*as is led into brofuine till no furtluT al)se)rplion 
lakes plae*e at te'mpe*ratures be*tween - 7 ' anel I5 (‘.•'^ If I he* le*m- 
perature* is abo\'e -7'' ('.,the additive eompeaind XOBr.Br^ is forme'el, 

Seeelium breomide and nitre)syl sulphuric aeiel reae*t te) lorin uitreesyl 
bromide : ^ 

/Oil A)ll 

N'aJJr I so/ . SO/ ! \()l5r, 

\)X0 \)N,i 

/Vn/ar/ms'. Xitre)syl bromiele is a breewnish-blaek liepiiel, be)i!inc at 
-2' ('. with disse)e'iatie)n. (i(*ne*rally sj)eakin_if, nitre)syl brenniele she.ews 
very similar prope-rties to nitiosyl ehkwiele. 

The heat of fe)rmation of nilre)syl bre)miele' is l)etween JhOOO and 
H)*.5()0 Cals."^ 

The* fusion curve of bromine anel iiierie oxide sheews a euleetie at. 

10 ' V. eorres})onelinc' to NOJJr., or NtDBr.Bro, aeid ane^thcr at 5.5 " (', 
whie*h ee)rres])onds to XOlirg ^oul NOBr. 

'Hu: eom)H>und XX)Br.j is a brownish opaepie liepiid which boils at 
;J2'’ ('. with dee'oni])e)sitie)n. The density at 20'^ (•. is 2*G;37. 

The heat e)f formation at 22^^“ C. is 27*000 Cals.*^’ 

Nitryl Fluoride, NOgF. — This eompomul is obtained by the action 
of nitric oxide on fluorine at the temperature of liepiid air: ^ 

INO 1 F^ 2 NO 2 F i N.. 


^ .Su(JI)ni( nil'll, Tmtis. (.'hem. tSor,, 1801, 59, 1)55. 

■ Sdloiiina, ./. Jtn.fs. Phija. Chent. Sor., 18{)8, 30 , t.'ll. 
Annnhii, IHetl, n6, 177. 

^ birani an»t Pahst, Hull. <SVw*. rhint.., 1878 , (ii), 30 , 
yiVautz and Ratal, Zatsdi. anunj. ('firm., 1020, lio, I. 

“ Al^saii and Le^beaii, C'oweyy/, rthd., 1005, 140. 1575. M)2I. 
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At ordinary toinpora Inn's iiilry) lliioridc is a (‘olourKss, piniyoni ; 
sinellinu' ^as, wliicli attacks tiu' nnicons nic')il)ra!'c. '['Ju* li(jiii<t lioils at 
C., and solidities at 1**31)“ to a colouilcss solid. Tiic vapour 
density is !• (<*oinpared with air ] ), whieJi is dniost idt'otieal wit h 
tiiat re(jnired hy the lorimda NO.^F 

'Die nas is \'(‘ry rc'aetix e, and attacks many m( tals and mm-metals, 
sueli as arsenic, antimony, aJnmiiiinm, iron, nu'n'nrx', alkali and alkaline 
earth metals, phosphorus, t)oron, and silicon. Il has no action on 
hydroi:ien, sidphiir, or carbon. Water dceompost-s nilryl llnoride 'vith 
tiie (juantitati ve formation of tiitrie ami hydrollnorie acids: 

NO.F } H,() IIXO, : IlF. 

Many ori'anie eom})onnds rea(*t with nitryl llnorid(‘. 

Nitryl C^ilorido, NO^CI, was stated to have Ix'cn «»l)lainc<l l)\'th(' 
a<‘tion of nitroiif'ii letroxide on eliloriiu' ^ or hydroycn cliloridc,- and 
by llic' action of {‘hloriiu' on silver nitrate'.-’ Similarly, nitryl In-onmh', 
NO^Ib-, was eonsid('rcd to be the prodnet of the action of bromine on 
nilnencn tciroxidc.' bate*!' invi'sli^al ions. liow(‘\(‘r, aj)peared to <lis- 
pro\ {' I he fornial ion ot I ht'se haloycn eotnponnds by t In* abo\ i' methods.^ 
More rec('nlly, it is elainu'd that nitryl eiiloride is tonned wIk'ii niliie 
acid I’t acts with pliosj)horns oxyeliloridc, and nitryl hroinidc' by pas^'ina' 
nitrogen letroxide atid bromine, vapour over a eatahst of ealeined lime 
heated lo ‘JOO *2.50" C’.'^ 

' 1 lasfiilijicli. ./. jtraki. i'ht J.S 7 I, (ii), 4, I, 

“ -Mtiilcr, Amuthu, lS»i 2 , I22. I. 

■'* 0 (lct . 111(1 n lit/., IS 7 (», 70. !)(». 

' < iul Ijicr ;ni(l Lchiiiutin, ./. pr(t/.L ('hini., (iii, 71. Isn. 

• ■’ Zuskiiio, UkU. Stir, rfiiiti,, (iv i, 37, 1<'!>7. 



( IIAPTER VIIT. 


HYDRIDES AND THEIR DERIVA'ITVES CONTAINING 
TWO OR MORE NITROGEN ATOMS. 


Hydkazjnk. 

History. Organic (Icrivativcs of liave bcf'fi known and 

used in syntheses, as, for cxain[)Jc, that of plionylhydrazones from 
hydrazine. Tiie substituted hydrazines are obtained by the reduetion 
(»l eompninnls eontainin^ the diazo (yrouj)in^-; tJuis, diazo-benzene 
ehlorid(‘ may ))e n'dneed to |»lienylhydrazijie hydrochloride, 

( 1 5 N X Cl h 111 - ‘(’fillsN 1 1 - Xll^l ICl ; 

a z< ) ' be n ze n e yields d i j ) hen y 1 1 »y dra zi lie, 

C«ll3 X..X C«H34 2II— CellsNIl NllC^ll^; 

nilro-nrea yields semi-carbazide, 

1 I.,\ CO-XH NOo }-()H— >1UX CO -XH ML i ‘ill/); 

iliazo-aeetie ester yields hydrazo-aeelie ester, 

C2H5 () CO CH - Ng h‘^ll 0 CO CH-(XH)2. 

Hydrazine itself was prepared by Cnrliiis in IStS? ^ from di-diazo- 
aec'lie acid. Para-urazi»ic, C2H4O2X,,, derived from urea, may also Ik; 
hydrolysed by dilute sulphurie acid and the sulphate of hydrazine 
crystallised out.- When elhyl-dia/o-ae(‘ta.t(‘ is heated with eoneeni rated 
potash a eoloiircal salt is formed. After dijrestion with sulj)hnri(! acid 
the colour disajipears and hydrazine sulphale is rormed. 

Preparation. ( 1 ) lly the reduetion and subseijiient hydrolysis 
of diazo-aeetie ester, or by the hydrolysis of its condensation products. 
Diazo-aectie ester is reduced by an alkaline ferrous solution to hydrazo- 

aeetie ester {vide .su'pra), which is then hydrolysed by mineral acids ; 

» 

H 

h2H2() - >12115011 fCHO.COOH i X2H4. ^ 


L /Is - O -CO CH< 


/X 




Diazo-aeetie ester and the free acid easily polymerise into bisdiazo- 
jornpounds : 

.N-N\ 

COOH Cir< yTi.COOH, 


' CtirtiuH, 1887,20, 

- (.'hatUnvay, 7'mw.v, Cfu'm-. »S’or., llXtt), 95, 237. 

* (■urtiuM arxl .lay, J. prakl. Chem., 1889, [2), 39, 27, f97. 
^ V*. lY'cliiuann, fkr., isU.), 28, 1847. 
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This cornpouiui, on hoiliiij^ with mineral acids, is iiydro-ysed (hy 1 inols. 
of water) to 2(C0011).j j ^Nall.i.^’ ^ 2i5 j^ranis of the hisdiazo acid 

in 2 litres of water and .300 grams of eoneeaitraled sniphnrie aeid arc* 
lieated on I he water-bath imlil all is dissolved, then heatc^d until eller- 
M'seenee (CO 2 ) ecases. On eooling, hydrazine snipliale eryslalli-.e.s.'^ 

(2) 13y the reduction of nitro-gnanidine to .amino-giianidine, which 
is tlK*n hydrolysed. Ammonium thiocyanate* is healed for sonut iimcj 
at 170'' to ItSO'' C. The residue, guanidinc-thioeyanate, (‘(MI) 

-- Nllo.HNCS, is treated, lirst with eonee'utraled, there with fuming, 
sulphuric aeid. This mixture, after eoolijrg, is trrixed willi nilrie aeid 
of density 1-5 and poured into water. Xitro-guanidine, NII^ C(XIt) 
NH NOo, separate's, and is ivdiieed with zinc dust and aeelie aeid. 
'I'lie solution of aniino-guaiiidine, X'Il 2 —('(Nil ) Nil Xni 2 , may be 
hydrolyseel either by acids or by alkalic's. It is eoueentrated, mixcMl 
with sodium-hydroxiele solutieen, anel leoiled for eight lo ten hours. 'I'lici 
eneih'd liejuid, afte'r sc'paration from NalU •(.);„ is mixe*d with c'oneentraie'd 
sulphuric aeid, wlie-n most of the hydrazine' separate's as tin. sulphalr*, 
and may be juirihed by one rc'eryslallisation : 

NTlo -C(MI)--NI1 XIK.lICl I .‘JNaOll 

Nagt'O, l-XaCl | 2X11, i-XoH 


(0) By the rc'diietioii erf hypemitrous aeid or its sul»)houie dc'riva- 
live.*’* Tlie liypojiitrous aeid may be reduee'd Ik zinc and ace'tie aeid in 
the preseiK'C of sodium bicarbonate.'* (-)r, the ootassinm salt of nitroso- 
sulphurous aeid (nit roso-hyelroxyla mine snlphonie aeid). 2 X().K 2 S(), 
(or KO -N -NO- S(.),Iv), which was disco\'ered by l)a\ v. may be pre'- 
parexl by ])assing niti’ie oxide to saturation into an alkaiine solution of 
])0tassium suljrhite e'onlaining an e'xec'ss of jrotassium hydroxide. 3'he 
compound is depersitc'd in a e-rystallinc' form, and may be ieeryslallised 
from hot water with some h^ss. A solution of this salt may be redueaei 
witJi an excess of sodium amalgam : ’ 


,S(),K .,SO,K 

Luir n \ 


ON 

-n/ 

tOlI-lUN 


i IJ.O i Kull 


\(JK 

• 

\ii 



/S(),K 

KOII N 2 IJ, 

t K 2 St 1 



Several organic coinpeninds containing the — group and the 
— SO 3 K groLij) are hydrolysed in this way by alkalies. 


‘ tlanlzscfi and JSillxaiad, 11)00, 33 , ."iH. 

- tJanl/,s(!h ajul nelirnami, ibid.. IDOi, 34, 2500; 1000, 33, llOSO. 
^ Curtins and Jay, he. ril. 

* 'fhiolo, Amuik)}., Iij92, 270, 1. 

^ Urackcl, Ikr,, tOOO, 33, 2U5. 

“ Dudei), ibid., 1804, 27, 3408. 

’ Divers and Ifaga, Trails. Chem. tSoc., 1800, 69, 1010. 
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, (1) Ey tlu.' oxidiilioii of ninmoiiia with sodiinn hypochlorite in tlie 
[)nsciKr of nhie.^ One Jiln* of an acpicous solution of sodium liypo- 
ehlorile is ^nixcd with .‘1 lilns of eoneeirtrated ammonia solution eon- 
tainiui,^ 12 e.e. of a 5 per ecmt. sohitiou of i^hie. The mixlure is l)oiIed 
in an opi ii vessel for about half an hour, cooled in ice, and aeidilied with 
10 per ccrd. sulphuric acid. The sulphate, <*i*ystallises. 

The yield (NO to OO nrams) is about 10 per c('nl . of th(‘oj‘v. Tiu' oxidation 
of I he am?nonia probably [)roet‘eds throui:»h the formation of chloramine, 

MI . 1 Xa()( 1 NII.CI I NaOM, 

XILt’l ) Nil., I XaOll XJI, } XaCl | ll./). 

'rii< i^lue appears lO act as a ])njtccli\e colloid, and also by I’aisiiiLi' the 
\ iscosity ot the solution.'^’ ^ 

'I'he Hydrate and the Free Base, llydra/ijie is set free l)y alkalies 
in a(|U(‘ous solution in the hydrated form. One moh'Cule of water is 
lirmly eombimai, for on distillation of the salts with solid potassium 
hydroxide, the hydrate. XoIIfHoO, is obtained as a fumim*- licpiid 
which boils at IS.s This is sometiuK's regarded as a constant 

boilini^ mixlure. i.c. om* of maximum l)oilini>-])oint, like those of th(' 
halogen hydraeids and water. It has been prosed thal there is dissocia- 
tion in the vapour phase. 'I’he hydrate does not freez(‘ al 10 ’ ('. ; 
it does nol exist as a (hdinite solid compound (rf. hydral(‘s (h’ ammonia, 
p. N7). It has a slron,!*' smell resemblin.i»‘ that of ammonia, and is a 
most j)enet rating rea^cjit : it corrodes nol only cork and indiariibber, 
but also class. 

'I’he solutions are oxidisrxl by atmospheric o.xycen : 

xji,.ii,() i-Oo x, ] yii,(). 

'I’liev also decompose spojdaneously, .i^ivinc ammonia,'' and more 
(piiekly in llu' presenc(t of sj)oncy |)latinum, .ipvinc nitrocen ajid 
hydro, c('n as well : 

2XJ1, 2X11, I X. i llo.^ 

The spontaiK'oiis decomposition in the ])rcsenee of a lilth* alkali 
civc's dilTerent {woporlions : 

;jXJ]j -2X11, 1 2X, i 

In connection with this instability it may Ik* noted thal. the lusit 
of formation in dilute solution (deduced from the heat of oxidation by 
KoCr/b, elc.) is lb;5 Cals.« 

llydra/ine itself is obtained l>y distillation of the hydrate with 
aidivdrous alkalies in a redueinc atmosphere aiul under (li.iiinishcd 
|)rcssure. Barium oxide may be used as alkali. ^ The partly dehydrated 
base may be boiled with an excess of the oxide for three hours under a 
rellux condenser and thcJi distilled in hydro^^en at reduced pressure. 

^ Rasctiig, Her., 40, loSS. 

- Kasc’liif?, (Jhf in. Zi il.^ 1007, 31, 020. 

Joynor, Tran.'*. >SV)r., |02:t. 123, IIU. 

^ ( !iirliu.s'iiii(l Ncliiiltz, «/. pniH. ('Itmt., (2), 42 , 521. 

' Oc Hi iiyn, Trnv. (iu'in., ISOI^, 13 , ; 1N05, 14 , 8.3; 1800, 15 , 171; 18!)!), 18 , 207. 

” Tntii.s. (Jhpui'. Sor., I004, 85 , 813. 

* i 'JVyjatar, Ziltnch. physihil, (Jhvtu.., 1001, 40 , 17.'» ; lt)02, 41 , 37. 

” Pn*rd)<‘l<a’ UTnl Mat noil, Ami. ('him. liliff'^., 1802, |0|, 27, 280;*' 1803, h>|, 28, 138. 

** UiiHC'lii^, 1010, 43, 1027; iilsio Joyner, Trniis. Cntm. <S'w., 1023, 45, 188, 
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Th(' prodncl inny contain JM)-? per cent, of hydrazine. - D may also 
l)(‘ pre|)ar(Hl hy a similar nadliod from the (ra«’l)onal(‘ or thr horahv^ 
'Phe hariurn oxide may Ik* r<‘plaeed ])y solid si'dinm hydroxide.’ 'Phe 
hydroe}ilorid(' may Ik deef)mposed wiih sodiui;? nui hoxi<ff', and the 
m(‘thyl alcohol reniovi'd l>y distillation nndtT diminis! id pressu 

Vrapertirs. Hydrazine is a eolonrless li(jnid which can (sasily h<‘ 
solidilied; (lie solid nuDs a! |M" (’. The liijiiid i>oils al 
under 701 '5 mm., at 50" ('.under 71 mm. ])rt'ssnre. Phe densily is 
only sli.i^lilJv ereater !han that ol' wal(T. D'i; is l-Oll. I,"* and I); is 
1025S.« 

Tlu' reFraetiNc index for tlie I) line is 1- t0!)7!); For II,, it i*- I- 1007.1. 
The mole(‘ular refraction is .S-<S(;7.'*’'‘ 

Hydrazim^ mixes in all proportions with water, with e\'(0iilioii of 
heal, ( als. per mol. in dilute solution.'^ 

It also mixes witli sona^ alcohols. l>nt nol with otlua* orLi'anie soh ents 
of th(‘ normal ” typ(‘, /.e. (hose which, on the ev idimee ol’ many 
phyi^^vd proper! i(‘s. ap|)(‘ar to (‘xist as simple nioleeuJes and an- I'ti'ely 
miseihle ^vith one another. 

;\s a sohent it hears many resemhiam'es to li(juid ammonia. It 
dissoh'es snl])hur and iodine, hut with some chemical action.^ Most of 
the sulphur is deposited a^ain on pourinii’ the solution into water, hut, 
some naets with (‘\olution of nilroi^en and formation of an unsiahli' 
hydrosulphide. ^ 'J'he alkali juetals dissolve, and also i^aet with eN’olii- 
tion of hydroo'cn. Sodium <|i\es a while explosi\'(‘ product.'* whieli 
has hiMMi d('s{*rihed as a deri\ati\e of azoirnith'/'^ or ; s a mono- oi 
di-sodium hydrazat(‘, NaX.^II., and Na.^\.,I Th(‘se solutions eon- 
duet elect rieity ; nilroj 4 (*n and hydro, L;‘(‘n ar(‘ evohed at th<‘ eli'cf rodes. ’ 
It also dissolves many salts, es|)('eially halides. nitral(*s, and ammonium 
salts. Typical solulalilies arc': \a('l, r.*-2 ; K\();., 21’#; Kl. D15-7 ; 
Ha(.\(.);.). 2 , SI-1, in 100 {)arls hy wei;^ht of hydrazin(‘. All these si^lutions 
eondnet electricity. Alany reactions take place in this soKcnt. 'Pliiis, 
hydrazine sulphide* and a zinc salt yi\'(‘ zinc sulphide. 

Hydrazine as a Base.- A solution of hydrazim in wat('r reaels 
alkaline on aeeoutd' of elect rolylie dissociation ; 

NJl,.IUO^-^H.,\.NTr, I OH'. 

Th(* eonslant of this disst)eiation is ohtain<-d from Hu* following con- 
ductivity Jiieasuremeids : 


At V = N 

Mi 

M2 

Ol- 

12.S 

2 “>0 

A-m 

17 

2-1 

M7 

M-8 

5 • .a 

10 ^/r u 

MO 

2M 

21 

20 

2" ” 


‘ Wchli, •/. :\>iu r. (.'hint. -SW., 101.1,37, tUT. 

* \V(!lsii ;in(l Hnnlt-r.soii, thirf., 1011, 37, Spi, SL*1. 
\St.,lle, /;,/■„ liMM. 37, I12:{. 

‘ liusctiii;, lor. ril. 

^ lie liriiyn, lor. di. 

'* Brulil, 7/f Usrli. phii'tiktil. ('hem., 1807. 22 , 'M\), 

' Mach, ihitl., IS02, 9. 211 ; 180:1, 28, IIIS. 

Bphraini .ind Miotrowski, Ihr., 1011, ^ 4 , .‘ISO. 

^ Scaiidola, ('hrm. Zrntr., 1010, ii, .11 1. ^ 

Schlcnk mill YWiclesclfcidcr, Jirr., 1011, 48, OtiO. 
Mrcdi.g, Zdlsrh. pfiydlal. Chrm.., 1804, 13 , 288. • 
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Assiiminjf a katioii inohilify of (»1, and that the niobility of the 
Ityciroxy] ion is 177 (botli at 25^ (\), the valne of A„ is 2.‘38, whence the 
dissociation constant is as stated in the third line. Takinij into account 
the present a,eeept('d value of the molality of OIT, wliich is rather 
.i^rejder {ca. 190), the dissociation constant l)ecoincs 2X10“*’ in round 
nnndxTs; wliieh is about of the constant of ammonia (q.v,). The 
h(‘at of neutralisation is also less than that of ammonia. 

'I’hns the eorrespondini' heats of formation of the salts in dilute 
solution are : ^ 

NJJ.,.IIC1 a(p . . 9-OOOCals. I Nir.,Cl aq. . . 12-890 Cals. 

N.dl j.lINO , aep . 9-700 „ NlljNC-j aq. . . 12-820 „ 

X.dl,,..UUS(), aq. . IMOO „ I ‘(\Hj) 2.SO, aq. . 11-070 „ 

Altlioui*h the salts of the diaeid base are known in (he solid state, 

I lay art' eom])letely dissociated in solution. Thus thert' is a dillienlty 

in tlu' addition of a hydrion to the second Nllo. This is no doubt 

eonneeted with (he fact that alkylation also only takes j)Iaee dh one 
-NIlo. The final [)ro(luet is a (piaternary halide of tin- monaeid base 
which cannot l.)e alkylated further: 

MU MU -NIU NHK~- >NI[2.NIU - MU NR2.RI.^ 

Hydrazine as a Reducing Agent. -Solutions of the free base and 
ils salts are slowly oxidised by atmospheric oxy^ren. 'riiev an- powt'i’fnl 
reducing' a^vuts, and will reduce cupric and ferric salts to the cuprous 
and ferrous slates, iodint' to hydrogen iodide, and selenious acid to 
selenium. The noble metals are precipitated from their salts, and 
melallic copptT is also similarly precipitated. 

Hydrazine Salts.- Hydrazine combines with acids to rorm 
crystalline salts whicli in their com()Osition show a formal similarity to 
the mono- and di-aeid salts of a diaeid base, N 2 H 1 .HX and X 2 H 1 . 2 IIX. 
The e\idene(‘ already mentioned, as well as that derived from the 
coiidueti^'ity of these salts and the determinations of mol(*(*ular we ight 
in solution, rend<‘rs it liighly |)robable that the base is a monaeid one, 
which is capable of forming acid salts (lik(' ammonium bisnl|)hate, 
NH,,lhSO,,) by evaporation with excess of acid.'* ^ The dihydroehloride, 
NolI.,.2llCl, may be prepared by passing chlorine into an alcoholic 
solution of hydrazine liydratc : 

2( U f 8N3tI,.n/) 2(NUIU.2IK’1) I 

It is also [)rodueed by j^reeijutation of the s»,dphatc with barium chloride. 
It may be crystallised from water in octahedra. The crystals melt at 
180'^ C. with loss of HCl, and give the hydrochloride, NgHiJIC!!. 
Acpieous solutions of the dihydroehloride are almost completely deeoni- 
])osed, giving one equivalent of free hydrochloric acid. This is ])roved 
l)y the velocity of inversion of cane sugar. ^ 

Also the Van ’t Hoff or activity eoctlicient “ i ” of tu()-590lN solution 
is 8-70, sinte nearly four ions are derived frem one molecule, thus : 


^ 9 u;li, Zi itsch. ‘phy^ikal. 67im., 181)2, 9 , I ; 1SU3, 28 , 1.38. 

^ Fischer, Antmkn, 1877, 190, 102. 

ITari’ics and Haga, fkr., 1898, 31 , .'50. 

(^iiVius, prak Cfn m., 1 889, [2 f 39, 27 ; 1 890, [ 2 J, 42 , r)2 1 ; 1894,{2], 50 , 275, 311, .508. 
^ Saljjint.'jcfr, Zz-iUrh. anoiuj. (Jht'tn., 1898, 17, 480 ; 1899, 20 , 21. 
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N,Hi.‘2Hn - >N ji , I If f ‘icr 

represents tlu‘ (lisso(*iatioii as deterniiiu d ]>y fhe lowi rinij of I he rrer/in^- 
poini. j 

The densities of tke solutions have been deh rinined,^ and also the 
refraetivilies.*^ 

The nionoliydroeliloride, (NgHi-llCl), obtained from the di-salt by 
careful l»eatin<jf to TtO"' (\, crystallises from water Jn nt edles which inelt 
at C., and on stroiuter heatin.<( decompose into NIl .j, Xo, and 1 1 3. 

The molar heat of solution is 5 ' tM) ( als., tliat of the acid salt, 
which includ(‘s the heat of dissociation, is (h'iOt Cals.- 

Tlu; liydrobroinide and hydriodidc* are made by similar metiiods. 
A salt, 8N2II4.2III, is imul(‘ by addini^ iodine to ;de(diolie hydra/iiu* 
hydrale. The dihydrolluoridf' is mad(‘ by direct combination in atpjeons 
or a(jneous alcoholic solution. It melts at C., and is mort' slabh* 
tliau the corrcs])ondin.i]f comj)ounds with the othei* haloiixn hydrarads, 
since it sublimes witJiout decomjHasilion. In dilute solut ion the activ ity 
eoelliflentis about 2 ; it therefore i»ives only two ions, no doubt onaeciamt 
of the ])olymerisation of hvdrolluoric acid, /.e, X.^II g and IlF'g. 

The disulphat(', pr(?pared by direcd combination, crystallises in the 
form of tables or their j»risms in the rhombic system, 'riiesi' melt with 
de(!om})osilion at 2 . 54 “ C. They are (‘asily solu})le in hot water, sparingly 
so in cold, and insoluble^ in alcoliol. The activity coellicic nt in solutions 
containing- to 01)(> mols. to th(‘ litre is about 2. The molecule 

proliably disso(‘iates into X2M'5 nnd IISO',. I’lu* luad of solution of 
I mol. is -iS *700 ('als.'* 

The sulphate, (N.^H ,)2.Il2S(),„ prepared from th(‘ calculated amoinds 
of base ami acid, may b(‘ preeipilat(.‘d by aJeohol as an oil which 
becom(‘s crystalline on nd)bing.‘^ The crystals melt at 85 “ ('. IMk* 
sulphates of hydrazine are d<‘coniposed by li(jui 1 ammonia, with libera- 
tion of the hydra/iiu'. Tin* reaction is <juan1 dative, and may be used 
in jireparin.!^' the anhydrous l)as(‘ : 

N2Hi.il..SOi I 2 Nil, (Nn4).>S(), i Noir,.'> 

Tile dinitrate, N2ll.i.2lIX().5, is prepared from the sulphate and 
barium nitrate, and may be crystallised in deli<]ueseenl ncedh's which 
melt with decomposition. TJie nitrate, obtained from nitric acid and tin* 
carbonate,** or by the addition of alcohol to a solution of the binlfrat(‘, 
may be crystallised in needles from hot alcohol. It is more stable 
than the binitrate, and may be heated far above its im ltiny^-poiet, 
(]{)“ C., witliout decomposition (i,e. to , 400 “ C.). 

The nitrite is prepared by'‘the general reaction 

The filtrate is eom*entrated in vacuo over Pal >5, and may be crystallisial 
from alcohol and ether. It decomposes on Iieatin.n- and explodes on 
])ereussion. 

N 2 H,.IIN 02 --Nn 3 1 NaO 1 
(Sec also under Nitrous Acid, p. 181 .) 

^ 8chilF jiral Mensacclii, ZcUsch. ph ipikal. Chem,, 18915, 21, 29‘?. 

Biwh, hr. cit, ^ lkTtlH*lut ami /<;r, r/Y. > 

* ('urtiiJ.s, J, prakt. Cfirni., 1891, 44, 101. 

^ Browne and Welsh, ./, Amer. Chan. 8V,, 1911, 33, 1728. 

* (Yirtius am! Jay, ./. prakt. O'Ae/w., 1889, |2|, 39, 27, 107. 

’ Soiniiier, Zeiheh. amrg. Chan.y 191.*J, 83, 119. 
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Ilydnizinc forms n scrirs of doiilih* snlts witli salts of inotals, which 
W'scinhlc to some exteot the coiTes|)ondint^ ammonium dou])l(‘ salts. ^ 
Zinc hydrazine chloride, ZnCL^.^NoH crystallis(‘s in iKxailes ; it is 

soluhh' in alcohol. Douhh* ehlorid<'s arc also formed with tlu‘ chlorides 
of cadmium, mercury, and tin. The platinichloride, ‘^NgUs.lKTIMCI^, 
is ohtaiiH'd i\s a yellow precipilale from a concentrated a(picous aleoholi<’ 
solution. 

The double sulphates dilTer from those e)f ammonia by crystallising 
anhydrous and beinn- h'ss soluble in water. Those of zinc and nickel 
have the" composition ZnSO j.(\2ll j jo.lloSO , and XiS(),.(\oIl 

Hy the nddition of hydrazine hydrate to salt solutions, addition 
compounds or hydia/inate's corres|K>ndinLj to ammines are* pre- 
cipilaled, e.if. XiSO^.I^XoIl t, ZnCL.^XoH i* ('omj)ounds of this type 
an' i'ormed also by salts of (’o, Gd, Cii, and ]]<»•, but not by those* e»j' 
inani*'ane'se', iron, e*()p|)e‘r, anel tin. 

Derivatives of Hydrazine. In aelelition to the numere)us or/^anic 
elerixatives in whicli the hydroireai is replace'd by alkyl or aryl radie-als, 
etc., theu'e are a few elerivati ve-s ejf ine>r^:anic aciels, but the'se* also are 
more stable if sojiu* eh'the' hyeirejneai is re'phu'e'el by ori^anie* raelie'als. 

The sulphe)nate', Il^X XII SO.JI.anel the elisulpheniate are know n.'’ 
When air is passeel through fuminuf sulphuric acid anel then tbrounh 
anhyelrous hyelrazine, hydrazine hydrazine‘-sulphe)nate is pre)ehice'd : 

2X2H4 I SO, ILA' XH S(),II.N2lli.'' 

Anion, the e*arboxyl anel carbemyl substiliition proelueds are* 
hyelra/ine'-carboxylie' ae*id, XH2 XII ('OOH, the elicarboxylie* ae’id, 
liOOG XII XII (' 0011 , carbemic-aeid dihyelraziele', (' 0 {XT l.XIlo), 
anel the amide hydrazide or se nii-carliaziele, XTI^ CO - XII XI I.^. 

Detection and Estimation. The react iems which are* useel in the- 
analysis of hyelrazine and its salts usually ele-pe-nel iipein its eixidalion. 
Thus it is de'te'rniine-d l>y litraliem witii potassium pennan^^anate' in 
ae'iel solution.'’ eir wilh vanadie* acid." XilreiL’e'n is (juantilalive'ly 
eve lived : 

X2H4 }-20 Xo-t 2lf..O. 

Hyelrazine is alsei a useful re‘a,i*ent in general analysis. A soluiie)n made 
by elissoU ini>‘ the- hydreie-hloriele* in an e-xe-ess of alkali will tpiant itatively 
pree-ijiitale- e-eipjier as metal. The cojjper solution is addeel elre>[) by 
(ire)]). Copper can be (;stimat('d in this way in I he pre-sene/e of tin zinc.’^ 

Hyelrazine alone eloe-s not redue.-e chlorate-s, bromate-s. or iodates, but 
in the presence of cupric oxide the reduction is epiant ital i vi- : 

2lv('lO, T-jX.IIi.HXOa-GiLO t ;JN2 i ;HIX 0 , j 2KCI. 

The chloride, e tc., may tlien be determined in the* usual manner 
after de-compejsition of the excess of liydrazine with pe-rmanj^anatc and 
nitric acid.'-' 

' Ciiiliiis and Hclirader, J. praki. Chtm., )894, 5 ft, JJI 1 . 

- 'tiiirk-. Annahn, 18!)2, 270 , .‘ilt 
^ Hofmann and Marliurg, ibid., 1890, 305 , 191. 

Sfolk'-, Ibr., IS99, 30 , 799; 1904, 37 , 4.’52:t 
’■ I’raiilic and N'oekerodt, ibid., 1914, 47 , 998. 

" l’« tci.s< n, Zf/V.sr/i. <tnor(j. C/irw.., 1894, 5 , 1. 

J Hofmann and Ki.s.s(Mal, ViV/*., 1898, 31 , (il. 

" danna.scli and liiodcrinann, ibid., 1900, 33 , 091... 

. Hodgkinson, ./. Sor. ('him. [iid., 1914, 13 , Sin. 
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HYDRIDES AND THEIR DERIVATIVES. 


I’jlK Sl I.PlIONJC AXI; Si I.riHXfC Si nSTlTl 'J’lON ProDI C l’s (IF 
AaIAIOMA, IIvDROXVJ.AMrxr,, AXl) IIvnRAZINi:. 

'rii('Sf‘ compounds may also lx* rci;ar(A’(l as (K'rix a! i\’cs of sfilpimrons 
and sulplniri(‘ acids, and as such art' includtsl in ' <>1. \’1I. ol iliis sc iics, 
Sonu' accounis liaA'(' airc'ady hccn .t»ivcn undci Ammonia, and (lie 
(Icrivalivcs of hydroxylaminc and liydra/.iiic lane hccn d« s('ril)cd wilh 
these compounds. 

This d('scri])tioii is summarised in the i’ollouin;^’ conspectus, which 
includes those com|)<)imds which are known in lh(‘ [Hire stat»' i-r m 
solution, or as salts. Sonu* JurtlaT notes on the ammonia d('r'\ ati ecs 
are added. 

Amido-sulphinic Acids. 

Thionyl amide \ 

J)iamid(' of sulphurous acid / 

Amid«)-sulphinic acid 
Imido-disulj)hinie acid 
Imi<lo-disulpliamide 
Xil rilo-t risulplmric acid . 

Ammonium amido-sulphinate . 
or 

Siilphuryl dianimim' 

JJiammonium imido-clisuljihinate 
Triammonium imido-disulphinate 


NTI, SOMI,. 

MI., SO OH. 
Ml" (SO (>11).. 
M I (.SO .X I ! .),>. 
X(SOJI),. 

Ml. SO.,MI„ 

SO, (Ml,),. 
Ml{SO.,XII,)o. 

MI, -X{SO,N’Ili),. 


Ainido-siiiplionic Acids. 


Sulphuryl amide 
Diamidc ot sulphuric acid / 
Amido*sul|)lioiiie acid 
fmido-disulphonii* acid 
Xitrilo-trisulphonic acid . 
Trisulpliimide 
Imido-disulphonamidi* 


MI, SO,- -MI,. 

XT!. .SO. on. 

xTr-(so.;ii).,. 

X(.SO,ll)., 

(Ml SOT-; (cvn'jie). 
MI(.SO,Mi,),. 


Ilydroxylamine Sulphonic Acid.s. 


Ilydroxx lamin(‘ a-sidjdionic ; 

or ' ^ . 

Amido-persulphnric acid J 

Ily<iroxylamine /^-sulphonic acid 
Ilydroxylamine a)3-disiilphonic,acid . 
llydroxylamiiu' ^/I-disulphonie acid . 
Ilydroxylamine aj8/>trisulplu)nic acid 



Ml, O SO,ll. 

no n\ so n. 
no,s o xn so.ii. 
no X. :tso,n).>. 

nO,S () X - (SO,!!).. 


Hydrazine Sulphonic Acids. 

Hydrazine sulphonic acid . . . XTI,- XTl SO.jIf. 

Hydrazine symmetrical disulplionie acid . HO.jS Xli -XTI SO, II. 

f 

Sulphinic Derivatives. The action of dry SO, on dry XTf.j jiro- 
duccs a vari(‘ty of coloured compounds luivinu the empirical formphe 
(XTI.j)j.(SO,)^.^- 3 It appears, hoxxcver, that a little water is nsjuircd 

‘ DolH'icinor, Schurujtjfr -^ ./., 182<>, 47, 120. 

“ Rohc, Annalcn, 18:M, 33 , 2:ir» ; 18.37. 42 . 41') ; 1814, 61 . 3!)7. 

® Soluinianii, Zdheh. (immj. HHM). 23 , 43. 

VOL. VI. : I. 
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in order that combination may occur freely. In ethereal dry sbiiitioil^ 
'a compound, (Nn3)oS02, has been isolated as a white solid, which may 
also be the ammonium salt of amido*siilphinic acid.^ 

Or«,ninic substitution products of amino - siilphinicr acid, 

R Nil SOgll, and of thionyl imide, R— N~SO, are known. 

The addition of thionyl chloride dro]) by drop to licpiid ammonia 
/:(ives a red solution, from which triammonium imido-disulphinate 
can be isolated. This may also be formed by tlie hydrolysis of imido- 
sul[)honamide.2 

Sulphonic Derivatives. "The reaction between sulpluiryl chloride, 
SOoClg, and dry ammonia oives under various conditions sulphamides 
and snlphimides. Some of these products were early prepared in an 
impure state.^* ^ 

Jn li<,m)in solution, trisulphimide (sec table), sulphomelidc (vide infra), 
and sulpha mido are present. After removal of chloride with PbO, the 
silver salts of tlu'se compounds are precipitated in the order oiven, 
tlie last bein^;' that of sulphanhde, which is then decoiti})osed with the 
theoreii(*al amount of IICl. The free sulphainide is recrystallised from 
hot alcohol.^ Or, the compound may be prepared in chloroform solution, 
the solvent then distilled, and the residue, dried at 100*^ C., is mixed 
with sand and extracted with ethyl acetate.® 

An entirely diflerent method of making sulphainide by the decom- 
position of ammonium amido-sulphite has also been described.^ 

The compound crystallises in colourless rhombic tables, melting at 
01-5° to 93"' €., easily soluble in cold water, hot methyl, or ethyl alcohols. 

The molar weight in water corresponds to the formula S02.N2li4. At 
100"' C. it is decomposed with evolution of ammonia. In solution it is 
hydrolysed by acids to ammonium sulphate, by alkalies less comjdctcly, 
to salts of anudo-sul})hoiuc acid. The aqueous solution does not 
react acid or conduct the electric current, but tlic hydrogen, while not 
ionised in solution, can be displaced with formation of salts. Thus the 
insoluble silver salt is precijiitated liy double decomposition. Mono- 
and di-pot a.ssium salts, SO.2N2H3K and S02N2H2^^2* obtained by 
the reaction between the coinjamnd and potassium amide in liquid 
ammonia.’ Trisulphimide, (SOgNll).,, as a silver salt is the first fraction 
of the ]3recipitate mentioned above. Esters arc also known, but the free 
compound has only been jirepared in solution. It is* considered to have 
the formula 

SO2 

/ \, 

NH Nil 

I 1 

SO. SO, 

\ / 

NH 

analogous to that of cyanuric acid, (OCNH),.® 

‘ Divers and Ogawa, Tram. Chan. Soc., IIKH), 77 , 327 ; 1901, 79 , 1099; 1902, 8 1 , 604, 

2 Ephraim and Pictrowski, Ber., 1911, 44 , 379. Sec also Ephraim and Garewitsch, 
ibuT., 1910, 43 , 138. 

• llcgnault, Ann. Chini. Phys., 1838, [2], 69 , 170. 

* Traubc, i/iv/., 1893, 26 , 607. ® Ifantzsch and Ifoll, ibid., 1901, 34 , .3430. 

^ fluff, Ba., 1903, 36 , 2900. 

’ Franklin and Stafford, Amer, Chem. J., 1902, 28 , 83. 
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The ammonium salt of an isomeric compound, (SOgNHj^, is present, 
m the residues after the distillation of ligrt>in fr4>in the produets of the 
reaction which occurs between SOo nnd NII3. ITie structure iis said to 
be cyclic, 

SONIl 

, / \. 


IINOS 




SONIl 


and analogous to that of cyarnelidc.^ 

Imido-sulplnunidc (see table) is formed when the silver salt of Iri- 
sul])hinhd{‘. is treated with [I2S. It appears as colourless eryslals, 
meltinuf at KJO*' C., which are soluble in ether, and in water, j^nvinL’' an 
acid solulion from which ammonium, alkali, ami silver salts can lx: 
obtained by displacement of the imino-hydroi^en.^’ ^ It is also made 
from ammonium carbamate and pyrosulphuryl chloride.^ 

Nilrilo-sulidionic acid or amino-trisulphonate. N(SO.^II)2, h.as lon^^ 
been known in the form of its potassium salt, which is ])reci|)itated as 
crystals when a mixture of 1 mol. of KNOo and mols. ()f K.,SO.j is 
allo^ved to stand : 

KNOa+aKaSOg-j ‘illgO =N(S03K), f IKOII.^* « 

The sodium salt is formed when SO2 is passed into a fairly i-onecai- 
trated solution containin,^ 2 mols. of NaNOa and :i mols. of NagC'O;).’ 

It differs from the ])otassium salt in heiny Tuore soluble and in 
crystallising with 5 inois. of water instead of with 2. These salts 
are hydrolysed (juickly into the irnido-, more slowly into the amido-, 
salts, (‘specially in acid solution. Disodium imido-disulphonate is 
prepared by expelling the SOa from the aboxT-meutitmed sodium 
uitrilO'Sulphonate by a current of air. The solution is then made 
slightly alkaline with NaoCOj and evaporated. Sodium sulphate 
eryslallises first, and then Nrf(SO; 5 Na ) 2 . 


Azoimide. 

Historical. — Organic compounds containing three or four atoms 
of nitrogen united to one another (the triazo- and tetra/.o-eomj»oimds) 
are numerous and oftr'a stable. TJius diazo-ainido*e(^mpound.s, 
IIN~-N-N'-NIIU, cojitain the tria'.cne group. Comjumnds con- 
taining the cyclic triazene group or azide ring. 


^ Hantzsch and Stucr, Her.y 1905, 38, 1022. 

* Hantzfloh and Holl, loc, dt. 

* Mentc, Annaleiif 1888, 248, 232. 

* Claus, ibuL, 1809, 152, 336; 1871, 158, 52, 191. 

® Fremy, Ann,. Chim. Phi/s., 1845, [3], 15, 408. 

® liciiglund, Ber., 1^76, 9, 252. 

Divers and Haga, I'rarw. VImn, Soe., 11K)1, 29, 1903; 1893, 61, 943;' 1896, 69, 1620. 
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;nny f)o niado ])y a \aricty of ivaclions, siicli as tlios(‘ which involve 
llic coruh'iisation of a (lia'/o-conipoiiiid wilh oiu‘ coiilainin^- a .single 
nilrogen vtom, in\ ()l\ ing clinunation of water or halogen hydracid, or 
both. Thus : 

( : I , - Nil MI.! NOCI - U N f 1 1 .^O | 1 1 Cl . 

IMk iiyl }iy<lr:r/.ine. I'IhmivI 

The hydrolysis of such coin|)ounds containing the azide ring leads 
to the I'orination of hydrogen azide or azoiniide, X-.IC which was (irst 
])repared in tliis way by Curtins in 1S90.' 

Preparation. — The reaction by wliich this compound is generally 
j)r(‘])arcd is that diseoeerc'd by Wislicenus in and is best carried 

out as follows : ’’ Dry ammonia is |)assed over sodium at 250 ' to 350 C. 
or allowed lo bub 1 )le Ihrougli the molten nudal, whieli is con\(‘rled into 
the amide, 'fhe reaction is complete in about h\(' hours. 

2Na I 2\II.j-2Xa\II, | II,. 

Nitrous oxide is Uh'U passed over lh(‘ meltcal amide in a nickel dish at 
100 ' ('. until no more ammonia is e volved. 

NaNU, |-\oO U,0 i NaN,. 

'file sodium azide*, NaX.j, is lh<“n distilled witJi su]])hurie acid (1 : 1).'* 
The* greater ])ari of the hydrazoie acid (azoimide) (lislils below 1-5'' C. 
in (he torm of a 01 per cent, solution, which is the* lirsi (piarter of 
the distillate, 'fhe distillation is continued until the addition of silver 
nitrate gis’cs no further ])reeipitate of silver azide. 

llyeirazoie acid is also obtained when hydrazine is oxidised by a e‘om- 
pound containing a tliird nitrogen atom, such as XCTj,'^ or better, nitrons 
acid, or by hydrogen peroxide.^’ 

Solutions containing 5 grams of hydrazine sulphate and 3-3 grams 
of potassium nitrile* are mixed in the eedd, and distilh'd alter the; 
efferA eseenee has eeaseel.’ If siher nitrite is used, the hydrazoie acid 
is preeipitateel as silver azide: 

2 X ,1 1 1 1 .,SO J h I X ( ) , 2 X ,1 1 I 1 1 1 .,( ) i- 1 1 ,S( ) , . 

PropertiCvS of the Free Acid. I’he* anhydrous aeiel is prepare'el by^ 
rejnewing the la.st epiantities of wati'i from the eemee'utrated elistillate 
with anhyelrous ealeium chloride. It is a (*olonrless, mobile liepiid 
wliieli l)oiis at - 1 - 37 ' C. It freezes at a low ternjx rature, anel the* sediel 
melts at - SO® C. Tlie molecular Aveight de‘dueed from the density of 
the va])onr, about 25® ('. a])ove the bo'iling-j)oint of the* liepiiel, corre- 
sponds to tlie sim])h‘st formula, Xyll.^ The acid as Avell as many' o I its 
salts are liable to explode Avlien heated or struck. The heat ol forma- 
tion. ealeulateel from the licat of combustion of ammonium azide, 
NH 4 N 3 , is -02-100 Cals, per mol.® It mixes Avith water and alcohol. 

1 Ceirtius. Ikr,, 181)0, 23, .302.3; atsu Curtins and Itadenliau.sen, jmiht Chem., 1801, 
12 ], 43, 2(i/. ■ 

“ VVislkvmis, Her., 1892, 25, 2084. 

® Deniiis and Bruwnc, J. Atncr. Clu'in. *S'o^., 1904, 26, .3/7. 

Dennis and Jshani, /Jf /*., 1907. 40, 458. 

Tanatar, ibid., 1899, 32, J.399. 

® dlrowne, .A: Atnt^r. Cheni. Sue., 190.3, 27, ,351. 

’ l.)enn.st<*dt and (Joldifli, (’hem. Zeit., 1897, 21 , 870. 

* Beit holof and IMatigDoi*!, (ktnvpl. 1891, 1 13, 072. 
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The a(|ueons soliitioii reaets aeid. Its eon(lucli\ ily. (Icfer'iiiiu J at 
eoneentrations of from ()•! to ()-()()lN, oi'/es a au’an dissoeiatioii con* 
staiit ol about 1-<S> 'Diis iiKawiscs somewhat witli iyercasc of 

('onec'utratioji, rrsembiino- in this respect the e^'Mstaut ot a stronger 
aeid.^ 

Solutions eontainin'f rather less than .*10 jx r cent, of the aeid oivi* 
olT its vapour, which produces (hajse fumes of ammonium a/ide wlien 
brouf>Iit inlo contact Avilh ammonia va])our. 'fhe vajxmr ol‘ hvdrazoic. 
aeid has a most unpleasant smell, and *'aus(‘s iidlanumation of I he mu<'ous 
membrane' avIh'II ieehaled. The solulioji is poisojuais and al lacks Ihc 
skin. K\cn in small (juafditi(\s (0-1 |)cr cent.) it is [)oisonous ;o [ilants, 
and will [)rcvent the i^ermination of scedlini^rs.“ 

Alt houj^li the solution is fairly st;d)lc, yet on loui>- boilino' wil l) mineral 
acids it is decomposed into nilroot-n and ammonium salts, a deconi' 
position \vhich is much acc(‘leral(d by Ihc presence of plalinun) black.- 

When the solution is t'lccl rolysed liydroj^c'U is c\()|\'cd :it tiu' 
kathode, and nitrogen, probably by a serondary oxidation of the com- 
])ound (as in t In* case of solul ions of ammonia ). at the anode. ’ Stronii' 
oxidisino' anents such as potassium permanganate' e'onvcrt it. inie) water 
anel niti'ejiie'n. 

With nitj'ous acid, hydrazoie aeid givc'S jiitrems oxide' in aeleiitieni 1e» 
nilreej^'cn : 

\,n i-jixo, x.i x^Oj iLo. 

it is ('asily rceluecd by se)elimn amaliiam. by zinc and ae*aj; })y ^e'rrl»l..^ 
liyelroxide, e te*.. to amme>nia and hyelraziiu' : 

x,ii i m- xii. f x.ii,. 

It is alse> reduced by pe)}ysulphide s or IL^ : 

lUS r x,ll S : X., : Xll,. 

Ilydraze)ie! aeiet eiissotve's tlu' me)rc e'lee*f roj)i>s:ti\c inelals, 
magnesium, aluminium, zine*. and iron, with e'A»)lution e.)j l)yelre)i»('n in 
me)st eases, 'i’he' nascent hyelre)«j;‘en is partly, e>r it may be* wholly, used 
te) leeliice' the hyelrazoie aciel le) ammonia, 'i’hns in the cast: e>r coppe r 
no hydre)i»eji is st'L free : 

c'u i tiXAi-.. cuix.,), : x. i xn.. 

In se\('ral of its react ieens hyelrazoie* ae*iel she)^^^s a siinilarit'. !o 
nitric aeid, as is seen by e'e)mj)arin;4- the* cen'i'espoiidin^' re.'.ctiems with 
copper and hydrogen sulphide*; 

;5C’u i sllXOg.. :Uu(XO,).> : 2X0 I lIloO; 

;3IUS I 211x03 ( 2X0 j MloO. 

Salts of Hydrazoie Acid, 'riu* nzielcs of majiy mdals have' Uen 
prepared in the cryslalline state'. In these the aead is always me)uol)asie ; 
the IVu'mnla* llua-efore' correspond te) Iheise' of llu' halie’es, and the 
propertie’s are often intermediale hetween Ihejsc of a. chloride anel of 
a bromide. 


^ WVsl, Trun-'i. Chdu. Sor., 77. TO”). 

- Low, ISJM. 2 ;^, 2!M7. 

* I Vralotn'j' jtiid Oddo, 25 , ii, 13. 

* JSzarva.sy, 7Vrt/t.v. (.'ium. *Vor.., IJlOO, 77, 00;t 



Tho azides of the alkalies, LiN^, NaN.„ KN3, and Nn 4N3, are easily: 
soluble in water and also soluble in alcohol. Those of the alkaline 
earths, in?niely, CaNg, etc., are also soluble. Other azides, sueh 

as CuNg (red-brown), AgNg (white), ITgNg and ll^Ng, PbNg and TiNg, 
are sparingly soluble or almost insoluble in water. The remaining 
metals mostly give basic salts. ® 

Lead azide is well known as a detonator, and is used in the fuses 
of shells. 

The 1 ‘orniuhe of many salts have been proved l)y the electrolysis of 
solutions of Nri4N3 in liquid ammonia.’ 

The azides of the alkali and alkaline earth metals are not ex])losi\'e, 
and sonic may even be melted without decomposition. The a/ides of 
Na, K, Jtb, and Cs give up their nitrogen quietly at about ;K)()" to 
850 " C. ; those of C'a, Sr, Ba do so at about tOO'" to 120'" C. Coiisc- 
(luently they have been used as a source of pure nitrogen.® 

A fen double salts have been prejiarcd, compounds of alkali azides 
with those of otlier metals, ehietly belonging to Grouj) VIII., e.g. 
NlbjNa.CoNg (blue), are known. 

Azides of the Halogens. lodhie Azide,- Tins eomjiound lias l>een 
jirejiared by bringing an aqueous suspension of silver azitle into (‘ontaet 
witli an ethereal solution of iodine.*' On evaporation of the ether in a 
current of iiir, colourless crystals are left which have a penetrating 
odour similar to that of evanogen iodide, and Avhieh arc easily de- 
composed by explosion into iodine and nitrogen. The conqioiind may 
be hydrolysed by water, giving azoirnide and hypoiodous acid : 

NgIfILP-Ngll I 1101. 

The iodine is th(‘refor(^ the electro- jiositive part of the molecule. 

Bromine Azide has also been j)repared by the aedion of bromine 
va[)our on sodium or silver azide. It is very explosive even at low 
temperatures. 

Chlorazide may be made liy acidifying a solution containing sodium 
azide and hypochlorite by a weak acid such as boric. It is a colourless 
gas, smelling like hypoehlorous acid. In alkaline solution it is rapidly 
hydrolysed to its generators, the reaetion proceeding from left to right : 

Ngll 1- I10CI:^-N3C1 fllgO. 

The gas easily explodes with great violence and the appearance of 
bliK^ames.^^ 

Nj^^nstitution. — The constitution of organic compounds containing 
the azide ring is established by the consideration of their j)rcparations 
and reactions, on the assumption that the usual valencies are exerted 

^ Curtius, loc, cit. 

“ (Autius and lUssoni, J, 'prakl. (Jhem.j 1898, [2J, 58, 201. 

^ Curtius and Darapsky, ibid., 1990, (2], 6i, 408. 

^ ^ Dennis and Doan, J. Amer. Cfiem, 1890, 18, 970. 

^ Dennis and Ikmodikt, Zeitsch. anonj. Chem,, 1898, 17, 18. 

® lierthelot and Vioille, Bull. Boc. clnvK, 1895, [8J, li, 744. 

’ Browne, Holmes, and King, J. Aimr. Chem, Boc., 1919, 41, 1709. 

8 Tiede, Jkr., 1916, 49, 1742. 

® Hqntzsch, ibid., 1900, 33, 522. 

Spencer, 2'rans. Chem. Boc,, 1925, 127, 216. 

Raschigp Bcr., 190J^4I, 4194. 
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: by tlie elements involved. Thus phenyl a/iclo is made by the eondeiisa • 
tion of phenyl liydrazine and nitrous aeid : 


Nil NII 2 } o N - on = N- 




\> 


c ,n, i -ii/). 


The analo^^ous reaction ])et\veen liydrazine itself and nitrous acid 
(vide aupra) leads to an analo^^aius formula for tin' ]iydio>,^en compound, 
which also agrees well >vith the other reactions used in ii.s pn^paralion. 
xV/xiimide is unique in being the only compound containing om^ atom of 
iiydrogen united with more than om^atoinof a second element. II is so 
extremely improbable that the atomic weight of Iiydrogen sh.aiid be 
divided by three on this acteount, that preferalily the uni valency of the 
grou}) N3 - - is assumed and accounted for by the CNX'lie formula. 

Detection and Estimation. The compound may easily be rccog' 
nised by the highly characteristic properties and reactions inenlioned 
above. In solution it gives precipitates with silver salts, as halides do, 
but may be distinguished from chloride and bromide by means of the 
brown |)rccipitatc of the cupric salt. Another distinctive l(\st is an 
intense red colour with ferric salts, (EcNg). The ev'olution of nitrogen 
when it is oxidised by iodine, etc. (xnde infra), also serves to distinguish 
it from halides as well as from thiocyanates. 

The ciuantitative analysis dejicnds on oxidation witli iodine or 
nitrous acid.' A neutral or alkaline solution is mixed with a slight 
(‘Xcess of iodine solution and a crystal of sodium thiosul])hate added, 
which hastens the evolution of nitrogen. In very dilute solutions eei ie 
nitrate or sulphate should be added. 

The reaction between an azide and nitrous acid is quantitative, and 
may be used to estimate the latter (sec Nitrous Acid, ]). 1 Sh<). 

A measured excess of the azide is aililed to the acidilied nitrite 
solution. After shaking for a few minutes the mixture is made alkaline 
with baryta, and is boiled to expel the gases. It is tlnai acidili(‘d with 
acetic acid, and the excess of azoiniidc titrated with iodim* and thio- 
sulphate, 

N3IM IINO2-N2 I N./) MIp. 

Azides may also be estimated as nitrogen after decomposition with 
eerie ammonium nitrate in a nitrometer. - 

Di-imide, a gaseous substance, is said to be formed when 

ammonium platinichloridc is luxated ; 

(NIl4)2n.Cl,™- >l>t-|-4llCl 1-(N/I2),. 


SlJMMARV l X TJIB IIyUIUDUS OK NiTHOGKN. 

The list of compounds or ions containing nitrogen and hydrogen 
alone is as folloivs 


Nil - 4 

Amiiioiiium 


Nil, 

Aiiirnonia 

N,!!, 

Arninoniuiu 

azide 


N^ir^ 

Hydra zonimn 

N,I1, 

Hydrazine 

azide 


|[> dfaziiK 

N,1I 

Azoiiuide 


^ Hasehig, Vhem. Zeit., HJCS, 32 , 1203. 

* Cojicman, J. 6 ’. African Cheni. Jnst,, 1927, 10 , 18‘ 
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\vhicli (*jni Jill 1h‘ rc'u:arcl('d as built up of tlic aiuiiio NIL^ ajul azide 
- N3 radicals iu various coiuhiuations with }iydroi»cii, liydro^iai-ioii 
IJ', iiiul oifU‘ aiiotlicr. 

One of tlie hydrogen atoms in the hydrides ammonia and possibly 
hydrazine, is of a suHieiently acidic character to be replaced by an 
alkali metal ; but in s|)i 1 e ot the elect ro-nc^uitivc j)osilion of nitro^^aai in 
the p('riodic table, the cniiancemcnl of clcctro-ne^atiN e character con- 
fernd I>y the azide rin^- is re((uircd in order that a liydroi^^en may be 
ionised in solution. 

The reducing' power or east' tif oxidation reaches its maximum in 
till' case ol hydrazine, and is It'ss in tJie case of the inort* hii^hlv hydronen- 
aled ammonia, which insists atmospheric oxidation in the cold, as also 
the effect of mild oxidisin<r aijents in solution. The Ljreater stability of 
azoimide towards oxidising' ai^U'Uts is ])artly due to the stability of Ihi' 
cyclic structure, and is also intclli;,nbl(' on the ifrounds that it is* already 
llie most highly oxidised compound of nitrojjfcn and hydroi’cn, as is 
cxptTimenlally proved by I he products of its reduction with sodium 
amalgam, as also by the metliod of its ]»reparation. Gent'rally, tlu' 
order of hydrogenation as sliown above ai^uct's with such reaetimis 
as the oxidation of ammonia to liydrazine by hyjioclilorites, and of 
liydrazine to azoimide by nitrous acid (see pj). 12 t* 182). 

Till' three primary hydrides. Nil.,, X 2 M 1 , and N^Il, all have a 
strong' allinity for waier, with which they mix in all jiroportions, and 
all three solutions jirobably contain hydrates. 

Pure litjuid ammonia and hydrazine have a slron^- resemblance to 
water in some ])hysical properties, as well as in their ])rop('rti('s as 
solvents. Ilydro^cn Irinitridc resembles hydro^t'u chloridt' in ils sails, 
while in its reduction liy nascent hydrogen, when it acts on metals, 
it resembles nitric aeid. 


OxVOEN AM) IlVDHOXVn Sl USTlTl I'lOX IhtODiaTS oe IIVDKAZINi:. 


These comjioiinds art' cliit'lly represented by ori^einie. 
nami'ly, HX\ /NH (azoxy-compountls), H — N NOII 

Nq/ 


tleri vativ (s, 
(free diazo- 


eompounds), K - X TI NO (their taiitomcric. ftirms, nitrosamines), 
HIl N NOo and - NO^ (nitramines). 

Altliou^di dinitrous acid, or rather dinitronic acitl. (IK) XO)^, 
docs not exist, the intermediate oxidi^ition products of hytlrazine, 
namely, HgX— NO 2 , nitramide, 110- N XOll, hyponitrous acitl anti 
nitrohydroxylaminc, IIO Nil - NOg, lane been prepared. 

Nitramide, HgN - NO 2 or HO— -NH--NO. This conifiound is 
j)reparcd by splittiiii^ off tiic organic radicals from some nitramines, 
R. 3 N -NOg.^ Xitrourethane, NOg Nil CO OC 2 II 5 . is treated witli 
ammt)nia in ethereal solution, the ammonium salt is decomposed with 
potassiuui hydroxide in mctliyl alcohol, ^he prcci])itated ])otassium salt 
is washed with alcohol and tiried in a desiccator. It is then liydrolysed 
witli a mixture of icc and some concentrated sulphuric aeid : 


NOo Nil -C O -Oil d IloO -NOoN 1 1 g f 11 3 O | COg. 


“ ^ TliicJr and Lat hmann, Annalai, 18 %, 288, 2 (i 7 . 
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It is ;i wliitr cryshilliiic solid, solnhlc in water, alcohol, and ether, lajt 
not in Jiydroearhojis. It melts with deeo'nposition above TlJ ('. 'Ihe 
moleenlnr weight in water is (51.* Tlu‘ solution reacts sliohtl^ acid, hut 
the (h'oree ot dissociation as determined by eondnetivily measnri'menls 
is very low.- 

It is instantly deeomj)oscd by all<ali(‘s, ,i>ivi]io' .</) aiut II J). Salts 
are unknown, with tin* exee})iion of the mtM’eurie salt, 1 1 j^X. 

o/ 

Nitrohydroxylaniine, HO NH NOo or HO "N OH, 

is obtainc'd iji the 1‘orm of salts by the action otcdhyl nitrate on aleoholii* 
hydroxy lamine.'^ When the salts, r.^. NaoX-O.,. are acidified tlir tree 
acid instantly (h'composes into nitric oxid(‘ and wald’, or nitrous and 
hvjionitrous acids ; 

jL,X.>0;3 -2N() i HoO ; 

^IIXO^ f n,\J)o. 

The sodium salt, made by tlu' aliovc r(‘aetion in methyl aleoliol. is a 
whit(' powder, soluble anil di'liqueseent . It absorbs oxygen IVom the 
air, .nivintj NaNO.^ and XaXOy. 'Ih(‘ aqueous solution when boihd 
deeom[)uses into nitrile and nitrons oxidi* : 

‘iXa.Xp, ! ll.Or i>XaX<).>-j XJ) , *2Xa()Il. 

The salts of the calcium ,i»Tonp. e.',^ CaXXOo.'lUl^O, an* spaiiiiLi'ly 
s<.)hibl(‘. The silver salt is almost insoluble. Sails ol' eadniiuni and 
inereury have also been jirepared.'*’ ^ 

A ^'I'cat number ol’oroanie derivatives of' the above aie known under 
the name ol‘ diazo-eonqmmids, as well as derivat ives of e(Mnpomids which 
have not yi't been prepari'd in th(‘ I'l’ee* slati', such as H.X.,(>.^. 1 1, d(a'i\ <‘<l 
tVoni nil rosohydroxylamine, HO XH XO, vhieh is isonierie with 
iiitrajuided'’ 

^ Itiml/scji aii<l K.'uif'iii.Uiii, AmuiUiK ISa 2 , 293. Id" 

“ l»iiiir, Ihid., |.St> 7 . 296, !>•"). 

'* Aiiufli, (at-.ziilu, iSlMi, 26, ii, 17 : IS'.) 7 . 27. ii, ItV;. 

^ Angcii iin<l Aiijj;o 1 u'm, lano, 30, I. 

^ AM,tr<'lic(» and Fanara, //nV/., 31. ii. I.>. 

'> I’lik lc, Amuth H. ISa.y 288. L'Hd. 

' llant/.scii, llild., IS!>S, 299, 1 ) 7 . 

” 'rraubc, ilnd.^ iSJIS, 300, SI. 

•' .Ani^cli ;irid An.^clieo, (><1: ,1 lln, IdOlt 33, i), 2ldt 



CIIAI^TKU IX. 


HYPONITROUS ACID. 


Historical. It was sliowu by Divers in 1871 ^ rediiotion ot 

sodium nitrate ^vjtli sodium amal«fam ^ravc a salt Jmvin.ir the empirieal 
composition NaXO, the acid bein.<,^ an isomer of nilramide. This salt 
can also b(' ])r('j)are(l by elecl roly tie reduel ion of a nitrite. 1’iio reactions 
ot the ethyl ester showed that this is constituted as a, dia/o-eompound : 

The ester reacts with water, i^nvin^; C0II5OII, CH.j.CnO, and 

A f)iblio^rraphy of hyponitrous acid has been compiled by l)iv(‘rs,^ to 
whose researches so much of our knowledge of this interestiiig compoimd 
is due. 

Methods of Preparation of Hyponitrites. Four general metliods 
ot prej)aration are known, under which numerous special nudhods may 
be classified. There are also a few other methods of su])sidiary imi)ort- 
aiiee. 

1. Dy the reduction of nitrites. 

2. Hy the action of nitrous acid on hydroxylaniine (or oxidation of 

hydroxylarnine). 

8. By the alkaline hydrolysis of hydroxylaniine sulphonates. 

4. By the hydrolysis of some organic compounds containing the 
diazo-grouj). 

1. The reduction of sodium or potassium nitrite by sodium amalgam 
proceeds according to the equation 

2NaN02 I 41 1 -Na^N gO, f 2ll « 

The amalgam is added to tlic nitrite in the ratio 4Na to llvNOg. 
The solution is kept cold. When the gas evolution ceases, the solution 
is neutralised by acetic acid and silver nitrate is added. 'J'he precipi- 
tate of yellow AggNjjOg is washed in the dvrk with cold water, dissolved 
in cold dilute nitric acid, and reprccipitated with sodium carbonate 
solution. The jiuriiled AggNgOo is again washed and dried in vacuo 
over concentrated sulphuric acid. The yield is not good. 

Or, Ba(N02)2 may be reduced with sodium amalgam, and the AggNgOg 
prceijiitatcd as above, ^ 

. 2. Ferrous hydroxide will also reduce nitrates to hy])onitrites. Pure 
ferrous sulphate is precipitated with milk of lime, and to the cooled 

^ Divers, iVoc Jtoy, tSoc,, 1871, 19 , 425. 

- Mftumcnc, Comjd. rend.y 1870, 70 , 140. 

® Zorn, Ber., 1879, 12 , 1509. 

* Divers, Tram. Cknn. Soc.^ 1899, 75 , 97 . 

^ Divers and Haga, ibid.^ 1889, 55 , 760. 

* Divers and Haga, ibid., 1899, 75 , 77. 
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lixture is added 1 mol. of NaNOa niols. of FeSO^. The- 

Vfxniitrite is precipitated with silver nitrate. ^ 

A solution of TshiNOo is added to a. solution of NIUtDlI.IIoSO^. 
The mixture is heated quickly to 60® C. and Ajj^NOj is addecl at one(*. 
This method does not give good yields, but it proves that hyponitrous 
acid is a dioxirne.'^- '*• ^ It proceeds as follows : — 

no -NHa I O-N-OII— >110 N N OH p IFO. 

Hyponitrous acid has also btrn pi (‘])ared by the oxidation of hydroxyl- 
amine with CuO, HgO, AggO,® and by the oxidation ol‘ hydroxylamine 
with NgOg in methyl -alcoholic solution.'^ 

6 . The most serviceable method of pre[)aration is that whicli pro- 
ceeds from the interaction of sulphites and nitrites. Tiie potassium 
salt of hydroxylamiiHj j3/J-disulphonic acid, prepared as deseril)(‘d above 
(p. 108], is partly hydrolysed by hot water, giving potassium bisulphate 
and the jiotassium salt of the ^-mono-sulphonic acid, Lc. 110 Nil 
— S();jK. AVhen this salt is fused with alkalies and the melt dissol\(‘d 
in water, the hy])onil.ritc may be precipitated silver nitrate as the 
siher salt, or, ))y the aildition of a, large (‘xcess of alcohol, the alkali 
hy|)onitrite ma}^ Ik^ separated from the excess of alkali and hydroxyl- 
amine. The* yield may be (JO [)er cent, of the theoretical : 

‘2110 Nil SO^Nhi f tlvOn-KgN^Og i ‘2lCNhiS03 4^ n 

t. The alkaline hydrolysis of organic substitution products of nit nxso- 
hydroxyhimine gives, by intramolecular change, salts of tlic tautouuTie 
hyponitrous acid ; 

(Cllgjg- N CO N(NO) on I KOn 
: :Nnpi 3)2 l-COg hll -o -N. X 

Further directions and improvtaueiits in ihese methods of |)re- 
])iiralion have been (h'seribed.^'* 

Properties of Hyponitrites. The normal alkali salts of the 
dibasic acid are soluble iu water, and are hydrolysed, gi\ ing alkaline 
solutions. Normal salts of other bases are very sliglitly soluble. The 
acid salts are very unstable, like the free acid. Silver hyponitritc is a 
yellow aniorphons substance, non-hygroseopic, whieh may be boiled 
in water without decomposition, in the dry state it deeomj)oses at 
100 ® C., giving AgNOg, and it explodes at 150® C. It dissolves in nilrie 
acid, and is repreci|)itated by alkalies. Acetic a<‘id and hydrogen sul- 
phide set free hyponitrous acid. It is doeoiufjosed by hot kart's. It 
reacts with alkyl iodides, givkig alkyl hyponitrites. 

‘ Duiistan an<J Dyiiioixl, Trn,n.s. Cheut., tSor., 1887, 51, (UO. 

^ VVisliceiius, 1808, 26, 112. 

^ Paal, ibid.f ]S9,8, 26, 10-6. 

* Tlium, Momttsh., 1808, 14, 20 f. 

Tanatar, Ber.y 1891, 27, 1.87. 

^ Hantzscii aud .Kaufmarjii, AnmUn-, 1800, 292 , 817. 

Kaufmann, ibid., 1808, 299, 98. 

* Divers and llaga, Tranft. (fhem. tSoc., 1880, 55, 700. 

® Divers and Haga, ibid., 1800, 75, 77. 

Ray, Do, and Dliar, ./. Chrm. aSoc., 1018, 103, ii, lo(i2, 

Kirsohnor, Zeib<ich. anorg. Cfuim., 189H, 16, 424. 

llant7,S(;h and Sauer, Annakn, 1808, 299, 80. 

43 WHand, ibid., 1008, 329, 225. 

Jones and Scolt, J. Amr. Chem. Boc., 1024, 46, 1545; VVoitz and Vollmer, Hfr., 
1924, S7B, 1015. 
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Preparation and Properties of the Free Acid. Solutions of tlu 
dcid arc obtained when the silver salt is treated with hydroehhu’ie aeid, 
nitric aeicl, hydrooen sulphide, or phosphoric acid. A lari^e excess of 
the silver salt is rubbed in ti mortar with dilute cold IIGI and hltered 
(juichly.^ 

Si]\er liyi)onitrite is added in portions to an ethereal solution of 
hydrochloric acid until there is no more free hydrochloric acid. Tlu^ 
filtered solution when evaporated in a desiccator leaves the free acid 
in (he form of white lealhMs, which easily explode when rubbed, es|>eci- 
ally in tla^ jiresenee of aeid \'a])our or solid potassium hydroxide, 'riie 
free acid is very soluble in water, and also dissolves in alcohol, ether, 
eliloroforni, and in benzene, but not in petroleum el her. 

1 lu' molar wc'iliht, determined by I he cryosco|)ie method in acjueous 
solution, is o'.) i'^'^piires 

The acid does not (‘Xpel (‘O^ from carbonates. When titrntiMl it 
l)ehav(\s much like- carbonic aeid, one-half of the hydrogen bi'in.ii neutral- 
ised at the plu'iiolphthalein end point. In fact, as an aeid it appears 
to be about as stroni^ as carbonic aeid (see t'onduci i vity below). On 
standin‘ 4 ' it slowly ehannes into nitrous and nitric acids, and when an 
a(pieous solution is boiled it ^ives N^O. This hydrolysis is rapidly 
elTeeted by sulphuric aeid; nitrous oxide is the anhydride. Tht‘ re- 
action is, however, not reversible : 

lloN.Oo - lI.X)-fX,(). 

In the presence of nitric acid hyponitrons acid can Ih‘ tioih'd with- 
out d(‘eomposilion. When freshly prepar(‘d, it should cive oidy a faint 
yellow colour with ])otassium iodide ; this (dfeet is probably due to tin* 
nitrons aeid formed by its decomposition. It is very stable towards 
rednein^^ aoents, although sodium bisulphite, follow('d by zinc and acetic 
aeid, ^,dves hydra/ine.^ 

It is easily oxidised ; potassium p<'rmano-aijate in acid solution con- 
verts it into nitric aeid, in alkalijie solution into a nitrite. I lyponitritc's 
can lie (juantitatively titrated with permaniifanale.’’ 

The heat of formation is ne,o;ativ(‘, and has been determined by 
(jxidisino' I lie calcium salt : ^ 

UN 1 Od II 2 O a((. lI.^NoOa n(|. —57, 1()() calories. 

The eonduetivity of the free acid is low, a|)proximatin;^f to that of 
carbon dioxide; that of the salts is hill’ll on aecoiud of considerable 
dissocial i(m and some hydrolysis.^ , 

The followijio- values of the equivalent conduetivities refer to 0"^' (!. : ^ 

U Ifponitrom Acid. 

V - (i-22 1211 12- tt 22 :37 2 k22 l k7 l 7:3- 17 <S!)- hS 1 Mi n t 

A=1()8 mo )-52 2 12 2:30 ;510 ;3aSr) T21 5b‘3 


ttiiy, Dc, aiul l)tiar, Chem. Sor., IJK.'i, 103, ii, 
llant/,sch aial KaMfinaim, Aiuialcn, ISUU, 292, . 317 . 
^ I’anatar, Jirr., I.SDl, 27, tS7. 

‘ IlaJit/soli and Sauer, AnnaUu, 1802, 299, 80. 

y Oraekel, i>Vr., 1000, 33, la. 

* 'rliiiin, Moimlah., 1803 , 14, 204 . 

’ diertlu lot, Ann. Chim, 1889, |0|, 18, .071. 
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For the sodium aud cahriiiin salts I he following valiK s hav (' fxcu 
offlaiued 

Nn^NoO^ . . .V A ()S :w 

( a\.()/ . . . V _ 1200 A -7;M2 

The iiiaximuin e(juivaleid eoiidueti\ ily of iIk' sodium sail is 
a}>oiit G.S. 

15y iub’odueiuL*- the Kolilrauseli values lor the eoudueti\ il i(‘s ol'llu* 
sodium aud ealeium ion at O'* C., aud allowing' lor hydrolysis, tlu' eoii- 
duetivily of tlie NO' ion is hmud lo he .‘hS-0 and .‘i<S-7 iVom the acid and 
its sodium sail. 

Structure, That this eompouud eoidains the dia/o-iu'ou|) is indi' 
cated hy many of the reaelions used in its prej)aridion. espeeially hy 
the hydrolysis ol'or^^anie eom|)ounds known to eoutairi this croup. 

It is in 1‘aet a dioxiine, as is shown riiore ('specially hy its prej)aralion 
from nitrous acid and hydroxylamine. 

The molar weicht is deeidtd hy th(’ ervoseopie method, aud I he 
dihasie eharaeler of tlu* acid hy the lU'Utralisat ion experimeids and 
eonduel i\ il i(‘s and hy the (‘xistenee ofdialkvl derivatives aiul eslt rs. 

It has been 1^^‘d. hyponitrous acid is the aididioxime 

N Oil 

II 

IlO-N 

tlie isonieri(^ nitramide Ix'iniif ()erhaps the syn-eompound. * 


' tliiiil/.si li, Aumdin, IS!)S, 299, 



CHAPTKK X. 


THE OXIDES OF NITROGEN. 

Nitrous Oxidk. 

History.-- Pricstl<*y * rliscox crcd nitrous oxide in 1772 when experi- 
nientinif with the action of moist iron filings on nitric oxide (nitrous 
air) : 

2NO + Fe4 M^O -NoO ! Fe(On)jj. 

Th* found that a gas remained whieli he termed “ diminished nitrous 
air/' anil lliat tliis gas Ix'haved very much like ordinary air. Fi\'e years 
later Priestley - found tliat the same gas was obtained by t he action of 
nitric acid on certain metals, especially tin and zinc. 

Berlhollet prepared the gas in 1785 by heating ammonium nitrate, 
but it was left to Davy ^ (1791)) to make detailed investigations as to its 
])rojjerties. He showed that the combustions of a candle, ])hospliorus, 
sulphur, carbon, and iron wire were similar to those in oxygen. The gas 
was neutral to an extract of red cabbage, possessed a sweet taste and 
slight odour, and there w^as no diminution in volume when it was mixed 
with oxygen or nitric oxide. Davy discovered that inhalation produced 
an exhilaration, and he foresaw its use as an aniesthetic, notably in 
dentistry.^ 

The name “ nitrous oxide ” was first given ))y Davy, who also 
analysed the gas by burning carbon in a measured volume. IMcstli'y 
and Lavoisier performed the volumetric analysis in a mori* ficimratc 
manner, and showed that nitrous oxide contained its owm volume of 
nitrogen with one-half its volume of oxygen. 

Preparation. — 1’hc gas may be prepared by the following methods : — 

1. Decomposition of ammonium nitrate by heat: 

NIl 4 N 03 ==No 0 1 2 H 2 O. 

This method ® is a common process for generating nitrous oxide, but 
the mixture becomes explosive unless the salt is free from organic im- 
purities. It is advisable to melt the nitrate first to remove external 
moisture, and the decomposition begins at 170® C. Purification from 
nitric oxide and chlorine (from ammonium chloride) is effected by wash- 
ing with ferrous sulphate and caustic soda solutions respectively. A 
modification ® is to mix the ammonium nitrate with sand, pass the gas 
through ferrous sulphate or sodium sulphide solutions, and finally dry 
by washing with an emulsion of ferrous sulphate in concentrated 
sulphuric acid. 

* Priestley, Experinuiuls on Air, 1774, I, 118, 119; ibid.f 177.7, II, 177. 

2 IMestley, ibid., 1111, 111, 133, 134, 139. 

* Davy, Works, III, .74. 

* Davy, ibjd., 279. 

S<)ubt*iraii, J. Pharm. Ckim., 182C, 13 , 332. 

® bidoff, tb Russ. Phys. Chem. oVoc., fl9()3, 35 , 59. 
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’2. Another method ^ is decomposing an equimoleeuhir mixtiife 
of ammoniuin sulpJiate and sodium iiitnito at 24-0'' C., wlien a qiiiety 
regular stream of nitrous oxide is evolv(‘d. 


A number oi‘ methods have been described tor t!a* preparalion of 
nitrous oxide ])y rediietioii of nitric acid or nitraiC 

3. Nilrie aeid is rcdueed by means of stannous eliloride.- A solution 
is made of 5 parts of stannous chloride, 10 parts of li\ drochlorie aeid 
(sj). gr. I *2]), and 0-9 ^)art jiilrie acid (s]). gr. 1*38), wJiieli ofi lu ating to 
boiling gives a regular stream of nitrous oxide : 

2HNO3H fSnCIg-f 8HC] - -4Sn(:ii | SlLOq NA). 

4. Another method “ consists in the reduction oj‘a nitrab* ))y heating 
with anhydrous formic acid : 

2KNO3 f OTLCOOH-N A) I tm 2lI.t'OOR | 5JUO. 

The reaction is started by lieating, but once the gas b('gins to come off 
the source of heat is removed ; the gas is eolleeted o\er a sohilion of 
caustic potash (20 [)er cent.) at 10'' \vherel)y the earl)on dioxide is 
absorbetl. 

5. Oxalic acid may also be used as a reducing agent. A sc^ulion 
of ])otassium nitrate, to which sulphuric aeid hros been added until the 
solution contains 20 ])er cent., is heated witli oxalic aeid ; 

2KXO.,-j lI,S()4-f t(C'()()i])2=:N20+8(’0 5lK0. 

0. Nitrous acid when reduced with hydrazine yields a mixture of 
nitrous oxide and amntonia : 

1 L\0.,-hN 3H4 N 2() I N1 1 , IL,0. 

Ilydroxylamine may also be used as a reducing agent. 

7. Sodium nitrite solid ion is treated with cooled eonccoitratod 
hydroxylamine-hydrochloridc solution, when the- nitrous aeid liberatial 
by the hydrochloride is reduced by the Imlroxylamine : 

11 NO 2 4- N1 i f 2^^- 

8. It is also possible to isolate nitious oxide produced directly bj'- 
the union of its elemeids in the nitrogeii'oxygen fiame, b,ieetrnseopic 
examination will determine tJiat in a eertain part of the flaiiu* nitrous 
oxide is the chief product, and rapid cooling at this jioiut wdl give* a 
25 per cent, yield of the ga.s.'^ 

Physical Properties. — Nitrous oxide is a colourless gas with a 
pleasant odour and swc'ctish taste. When inhaled in small amounts it 

1 Tliilo, Chem. ZHt., 1894, 18 , 632. Sw also W. Smith, J. Soc. Chetn, Iml, 1892, ii, 
807 ; 1893, 12 , 10. 

* Oompari, Chem. Zenk., 1888, 1669. 8 eo also (Jay-Lussac, Ann, Chivi., 1847, (iiit, 
23 , 229. 

* Qiiataroli, (Jazzetta^ 1911, 41 , ii, 53. 

* Dosbourdoaux, Oom.pt, rend., 1903. 136 , 1008. 

^ Francke, Ber„ 1905, 38 , 4102. 

* Poliak, Annnlen, 1875, 175 , 141. 

Pi|;tet and Soderniaini, French Patents^ 4.11785, 415594 (1910). 
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j)ro(liices ji of exhilaration, wliile in lar^rer qnantilies ainesthesia 

results, wlu'nec' its extended aj)])liealii)n in minor ()))eratiofis, as in 
dentistry. 

Its lith‘ density at X.T.P.. as determined by dii’b'n'nl iin'esti^ators, 
is yi\’en as 11)7«S(),* 1*0777,“ and I •!t77 1- ^ anons. C'omparc'd with air 
as nnity the density is l*5;t()l * and 1*5207.“ 

Nitrons oxid(‘ is easily li(iuelied,^ and thus Avonld be expeeled 
to siiow eonsid'M’able deviation from Hoyle’s l.aw. Tlie variation of 
volume with ])ressnre has been studied l)y Haylei<,di at low pressnr(‘s : 


Prossnn* Kntio. 

75 mm. : 150 mni. 
A atm. : 1 atm. 

1 atm. : 2 atm. 


Vnlniiu* Jtatio. 
2- 100000 : 1 
2*100;327 : 1 
2*100051 : I 


'rh(* eoetlieiiad of expansion of nitrons oxide is 0*00070(J7.‘’ 'ria* 
tliermal eondnetivity at 0 ’ (Mias been yriven as 0*0000;i50/ 0*0000:}51 5,« 
and 0*00000500. tla* \ alneat 10'M\ is 0*00000720, and at 100' (\ is 
O-OOOOaOO.^^’ O’he ratio of the sjieeilie heat at constant [iressnre to 
that at (*onstant volume at 15" C. is 1*000 aeeordino' to Part iiiof on and 
Shilling,'* who lunt* ealenlated this \'alne from all reliable work, 'the 
value at 0 ’ ('. is 1*01, and at 100'' C*. 1*27.^“ Tiie ehani>;e of molar heat 
Avilh teiujieratnre has been determined (Vom 0"' to 1000'' (\ : 

0*020 -r 0*00(10 M 0*052 tl/'*^ ; 

(',,^--8*050 ! 0*00(i77/ --0*05222/-. 

The viscosity of nitrous oxid(‘ is less than tliat of air aeeordino’ to 
tile folloAvinj>' table, Avhieh sIioavs the values of the eoetlieient of viscosity, 
r;, in absolute (C.G.S.) units 


y/W. 

5’<*mjM. i atun*, ’ 

1300 

0 

It tl 

15 

1845 

100 


'J’hc rel’raetiAe index of nitrous oxide for sodium lif»ht is 1 *0000510. 
Soluhiliff/.— 'lhv followin^^ table ^nves the absorjiiion eoellieieut, 
of nitrons oxide in water (see under Nitroi^en, Soluliility, p. 35) : 

^ n nd., 190.'), 140 , (U2. 

^ Itaylci^O), Proc. liny. Soc., lOOa, 74 , ISl. 

Cuyo and Piiitza, ('nmpt. roid., 1905, 141 , 51. 

^ Faraday, Jdril. Traw^., 182:{, [>. 180. 

Jlayloigli, lor. cit. 

^ .Jofly, A/uhdtn, Julxdband, 1871, 151 , 82. 

^ Winkchiiann, ibid., 1875, 156,497. 

** Kucliei), Physikal. Zdtsrh., 191 .’1, 14 , 524. 

" \\’clK'r,^yJ«w, riiynk, 1017, 54 , 457. 

Strfan, (.'Inm. ZrMr., 1875, 179. 

l^artiiigton and Shilling, 2'hp Ppfcijk Jfratsof OVi.vr.s (IJ<>nn. 1024). 

W’ullner, Wird. Annakn, 1878, 4 , 321. 
f^hilling, Phil. May., 1027, (vii), 3 , 27.5. 

' C. J. Smith, Proc. Phys. Sor., 1922, 34 , 102. 

l-‘'Mju’(‘art, n nd., 1874, 78 , 017. Sre also V. and M. Cuthhertson, 7Vn7. Trans., 

1015, 213 I AI, 1. ^ 
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SOLUBILITY OF NITROUS OXIDE IN WATER. 


Tcmperatui-e, "(t 

llll'l.seli. 1897.^ 

H .(li, 1897,'' 

Crib k(!n* 19(0. 

0 

_ 

1*:{05 



1 •005 1. 

M 10:5 

1 -0 i.s 1 

10 ' 

O-OlOO 

1 0*0 170 

! 0-8780 1 

15 i 

0-777S 

i 0-7800 

i 0'7;170 ! 

20 1 

0*0700 

1 0-(i05 1 

: 0-02!)5 

25 ^ 

0-5001 

0-5752 

1 0-51. id 1 


Ill its soliihilily rdatioDs nitrt)ns oIm ys Henry’s Tla* 

ji'as is niiicli more soluble in (‘thyl aleobol, as is seem l)y the resiills of 
Knopp : 

. 0 5 10 15 20 25 

. tl 7 S :bSH. :b 5 tt :b 20 S 3()25 2 'S 5 ;i 

'riie soliii)iliti('s of nitrous oxide* in a(pi(‘ous salt, solutions,'*’ and also 
in solutions of aepieous ydyeerol,^ are lower than those in water. 

Liquid Nitrous Oxide. Faraday ^ liepielied the ,L»as at. 0" (’. undn a 
))ressure oi‘ .‘50 atmospheres. The lupiid is eolourle.ss, mobile, and has 
a very I'aiui odour of burnt suii’ar. 

The rel’raetive inde'x is very lo\v, the value's for the* sodium 1) line 
beirio- Mt).‘l at O" C.-' and U:5:}05 at 00^ 

TIk' e'rilieal eUda are* eiven in the rolle)wiMij table : - 


CRITICAL CONSTANTS OF NITPOUS OXIDE. 


('ril icid 

(’citii'iil 

Hel.it ive 

('citical 


T(iii|)(‘i'atm‘(', 

■c. 

Piv.s.sure. 

(Vitieal 

1 >ensil V, 

Autboriu. 

Atm. 

\'o)iim('." 

( b-i:m/e.<'. 


05-4 

75 



De'war, Phil. 1881-. (v), 1 





18, 210. j 

;io-i 

1 7;3-07 

0-0018 

0-41 

ICailletet anel Mathias, -L 1 


1 



' P/H/siqur, 188(,, |21, 5, 5 to. ' 

;}8-8 i 

77 -5 i 

0-00 i;i0; 

0' 15 1. 

Villiiivl, ('niiii)l. !Wtl, 


1 



118, 10!)C. 

,‘30-5 

7T-00 

1 

1 

I'jti'doso and Arni, ./. Chiin. 





j)h!is., lOl-.', 10, ,501. 


^ huusi'u, (itisoiiict/'isrftr'f >I I t/ioHm, liraiinse.'liWi'iiT, IS77. 

^ KoOi, Ziil.srh. phifdknl. C/nni:, I85>7, 24, II I. 

(.'('IfeiaMi, IhifJ., 49, 257. 

* Findlay and Unwell, Trans, (Uimi. Sor., 1911, 291. 

Knnpp, /jf'ilrsch. phifsikal. ('hem., 1901, 4*^' 

‘p is dt'Iitred above uialer I be Element..’' See p. .‘5.5. 

' Henkel, Pisscrfatioii, Berlin, ** t'nrad.iv, B/nl. 'Tnuts., IS2I', p. iSfl. 

« f5leel<r..de, Proc, Hoi/. Sor., ISSI, 37. :5:59. 
hi vein*.; and Dewar, yV/f7. 7’mM.s\, I.S92, 34. 205. 

Didined as tin? ratio of the* volume at fc and pr. to tlu'.t oe<‘iipieel by the .same rflass 01 
ga,^ at N.'}» P. 

VOL. vr. : i. 
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■ 1^5 

■fhe ))oiling-j)oiut of liquid nilrous oxide under 760 inni. pressure 
given as -88-7“ --87-9° 

Tlu‘ variation of tJie boiling-point witli tlio pressun; is given in ti 
following table : — 


VARIATION OF THE BOILING-POINT OF NITROUS 
OXIDE WITH THE PRESSURE, 



Hulling- 



Boiling 


rri'.s.siiio. 


Aullaaity. 

Pre.ssure, 

point. 

Authority. 




' (A 


200 inni. 
730 ., 

-t)01 

-H!)-3 

1 Burrell .afui Kobert- 
j s<m, loC: dt. 

13-19 atm. 
30-7.1 „ 

-31 

0 

Cailletet and Matliias 

700 „ 

-88-7 

41-20 „ 

12 

- (■onipl. nnd.y 1880 

4-0 atm. 
11-02 „ 

-02 

-40 

1 Cailletet and Mathias, 

45-30 „ 

10 

102, 1202. 

1 (-oni’id. rpnd.^ 1880, 

( 102 , 1202. 

494(^ „ 

20 

j 


DENSITIES OF LIQUID NITROUS OXIDE AT 
VARIOUS TEMPERATURES. 


Teinjx'ratnre, C. 

1 )en.sitv. 



Authority. 

-20*0 

- 7*3 

- 2*2 

1*003 ' 

0*953 

0*912 


Cailletet ami Mathias, Compt. n iuL, 188(5, 
102, 1-202. 

0 

0*91051 



10 

0*856 



17*5 

0-80I. 

s 

Villard, Compt. irml.y 1801, 118, 1000. 

32*9 

o-(n(( 

i 

36*3 

0-572 

i ^ 




Surface Tension ~ T\\v siirfaec tension at SO-iV" (’. is tlyne 

})er cm. Tlie molar weight of the liciuid, ealeiilated at tlic* eritieij 
tempi^ralure of yti" (\, is 

The ealcnlated moleeiilar weights of both li(piid ami gaseous nitron 
oxide from the critical data are 4;h2G and 48*7S, which stiows tha 
nitrous oxide is monomolecular in botJi statfis.'* 

Heat of Formation.- -The moleeuhir heat of formation of gaseou 
nitrous oxide is 17'74() Cals.,^ this value being the moan of the value 
obtained by the combustion of hydrogen in nitrous oxide and carboi 
monoxide in nitrous oxide. Berthclot’s ® valm* is - -2()*0()() Cals. Tli 
heat of formation of liquid nitrous oxide is given as -ItSOOO Cals.** 

^ Livcing and Dciwar, Phil. Trutifi., I8U2, 34, 20r), 

~ Rcgiiault, Jahre,iher., 1803, j). 70. 

^ (ininmacii, Ann. Physik., 11H)4, 15 , 401. 

^ (Jiuninarli, ASVfrM«y.s6er. K. Ahid. tl'm. liprlin, 1904, |). 1198. 

^ TTioiuson, Therin/nrhemiachc (Jnkrsnchnnypn, 1883, 2 194. 

* Tlei'tht'liit, Ann. Chim. Phyn.y 1880, [*>], 20, 2<J0. 



yxiDEs ; 0F.:sn^ 

• The niolccular ikats of volatilisation at - 20” C., 0” C., and C. 
are ^jfiveii as 2000, 2()00, and tOO C’als. respcelively. * 

Kva])oration in vacno of a mixture of li(jnid nitrons o\id(‘ ano 
earhon bisnlpliide causes the tojiperature to fall In 1 fO” 

Solid Nitrous Oxide. A snow-like mass is ‘.btaiaed by allowing 
licjuitl nitrons oxide to eva})orate rapidly under reduced pressure.*^ 
Solid nitrous oxide melts at 102*0” C/* Tlic relati^^nship b(‘Uvi'en 
niellin^-[)oint and vapour ]n*cssure is shown in tlie following* table: 


VARIATION OF THE MELTING-POINT OF NITROUS 
OXIDE WITH THE PRESSURE. 


l‘j(“SHur<', uiin. 

MeKini^-ptiiiil, 

Bressure, niin. 

Mclliiii'-poiut, ' (!. 

G50 

91 

100 

- 11 0*8 

GOO 

- 91*0 

50 

117*2 

r)00 

- 9;3*9 

00 

^12M 

400 

-- 96*4 

1.5 

I -127*0 

BOO 

- 99*5 

7 

-i;31*B 

200 

-100*7 

4 

138*9 

ir)0 

--10G-7 

1 

-11 41 


The equation of the curve is given by the expression : 

log P. . 109G*72/Lhl*75 log t h0*()()05M t*<S()Gr>. 

Decomposition of Nitrous Oxide by Heat. — This is one ol i he 
few exaniples of a gas reaction which tak(ts j)lacc in tlie gas ))}ias(‘, at 
any rale in a silica, vessel, as is shown by the fact that inerc'ase of surface' 
(by tile addition of pow'dcred silica) has no cITect on the v* locity con- 
stant.'’’ Since tins latter is inversc'ly proportional to tin* eonecjil ral ion 
the reaction is bimoh'cular ; thus ^ 

2 N 2 O - 2 No f 02 . 

Initial p (mm.) . . 200 1110 52-5 

Half-lif(' (sees.) , . 2.^5 1-70 <SG0 

The \d()city constant is found to diminish with rise of temperatun' 
T = 112 a lOSa lOo;} KKIO lOOl !MI7 
h)gio(/‘JX 10'‘*)--t()(U ;3r>75 ;3*22g 2-910 2*r)S0 2 100 0-0l(» 

From these results the "’heat ol' activation' of nitviis oxide 
molccuh's is calculated from tho»Arrhenius equation 
d k)g/>; A 
(It 

The mean value of A is .78'aOd ( als. |)cr mol. 

^ (Jailletet and Matliias, C/itm., ls90, (vi), 21 , (>9. 

“ Wills, Tranfi. Cham. Sac., 1874, 27 , 21. 

^ Itaiasay and kSliields, Cham. Neirtf, 189H, 67 , 190. 

* Burrell and Robertson, ./. A mar. ('Iunt. Sor., 37 , 2041. 

*' Hinshelwood ujid Burk, Proc. Jioi/. iVor,, 1921, (A|, 106 , 284. 

® Hunter, /jeilsch. ('hem.. 190o, 53 , 441. Th'* photocheinicju (•rrMruposinou 

Im,s been .st<iidied by Macdonald, J. ('hem. Soc., 1928, p. 1. 
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NITROGEN. 


Chemical Properties of Nitrous Oxide. The ontsfandin<>’ 
('licMiiicnl properly o! nilroiis oxidr is ils to sii])porl \'i, porously 

the eonihiislioji ol* oi;my substaiiees. This is heeause of ils rt^ady 
deeoniposilion iido its (‘hanents, whieh h(‘‘*ins at a()0‘' (\ and is eoin|)lele 
at IKH)' and ail eonihiistions in Ihis i^as are eoinhnstioiis in oxyifeii : 


2X30^2X3 j O^. 


It uill ]k' seen that, aft (a* decomposition, the mixed anises eonlain 
one-third their ^’ohlme of oxygen as compared with one-littli in air. 

A ^iowino sj)linl is rekindled, and a ta|K‘i Inirns brilliantly in I he 
U[as. Jb'iohlly burning- sulphur, phosphorus, and carbon burn similarly 
as tlu'v do in oxygen. Snl[)hnr whi<*h is only just bunhuL^’ is <‘x- 
ti!ii»nish(‘d in tlie uas, as th(‘ temperainre is not snllieient lo cause 
({('Composition. Sodium, potassium, and sonu' olher metals burn in 
nitrous oxide to |)roduee in tlie lirst place pero\id('s, whieh wlien 
tuiiher lieatcal yield nitrib's and nitrates : 


Xa.Oo 1 2 X 2 O 2\aX()3 fXo. 


At lower tempcTat MIX'S niltxnis oxide is a l(\ss a ii^orous oxidisin'^ a^ent 
tlian oxygen. Tluis below 350' C. copper only forms euj)rous oxide, 
(■1130, while ])()tassium t^ivt's an oxide, K^O.j, which absorbs furtlK'r 
oxyifcn on ])einij liroujuht into the air. ^ Nitrous oxide, in eoininon with 
the (jther oxicles of nitr(>.jfen, is eom[)lelely and (|nantilal i\ ely de- 
composed by ])assin<:»' the .yas over red-liot (‘opp('r. 

Hydrotfcn reduces nitrons oxide in tlu* ])resenee of platinum black, 
tincly divided palladium, or reduced nickel. 

An unstable crystalline hy(irat(\ X3()-f-Gll3(.), is fornu'd between 
nitrons oxide and water at a low t( inperat lire. Althoui^h by its 
formula nitrous oxide is tlu* anhydride of hyponitrous acid, IIoX^Oo, 
it will not eomlMMc with water to t'onn this acid. 

The most important use o! nitrous oxidi? is as an amesthetie. Wlien 
mixed with oxyj:»('n and inhaled in small doses it prodiu'cs a temporary 
exhilarating^ effect — lumce the name laui^diinij; .i»'as.’' liaroer cjuantit ies 
of tlie mixed »ases produce temporary uneonseiousm ss, wliieh generally 
lasts for about forty seconds. The amount of oxygen varies from 5 to 25 
per c(ait., as tfie use of nitrous oxide alone involves dani^a*r (d’ asphyxia. 

Jt is important that the ^uis should lie free from chlorine, nitric oxide, 
etc., when used for jnirposes of anasihesia.“ 

Detection and Estimation.- Xitrous oxide may be (listini»'uishe(l 
from (jxyocn by its much gr(‘at('r soluJiiJity in Avater, its faint odour, 
and the fact that it d(x*s jud react Avhen brought into contact Avilh 
nitric oxide. 

Its ready reduction by hydrogen into nitrogen and Avatcr in the 
preseiiee of finely divicied metals may be used for its estimation, or it 
may he exjiloded Avitli liydrogen in a llempcl apparatus.'* Vudu- 
mt'lrieally, dceom])osition by an ch^ctric^ally healed iron wire Avhieli 
leaATs s\ ivsidual volume of nitroger may be used. Gravi metrically, 
nitrous oxide may be decomposed by jiassing over red-hot eoppf'r and 
weighing the oxygen removed. 

^ Holt and Sims, Trart.'i. Chv.m. Sor., 189J, 65 , 128. 

® I’or ])iirirication and analysis of commercial .sam])lcH, soc ilaskcrvillc and Stc'plicnson, 
J. I no. Kfuj. Chrm., 1911, 3 , oT*!. 

^ licmpcl and Hcymann, Zdlsch, fJtelirochcuL, 1900, 12, 000. 
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Nitric Oxide, 

History. Mji\<j\v ic I(>Tt s(‘ciiis t() li.ivc lirsL pri'pan.d nittic oxide 
by Ihe aciion oT nitric acid on iiK^lals, siicli as iron, ait i' was IVicsIlcy ' 
wJio, in 1772, lirsi isolated and described lh(yi 4 :as. lie tbiind lhat many 
metals with nitric acid produced a colonrless ^^as wliicli uas only slightly 
soluble in water and jirodneed no cliani;c witli lime water, d’lie name of 
nitrous air Avas yiven to tliis i<as by Priestley; it e\l in,i>nished a taper, 
Avas noxious to animals, and was v('ry solubk* in a solution or,i^rvcn 
A’itriol, Avhieh turned a <lark colour, l^riestley obst iAcd tlie tbrmaiioi! 
ol* broAvn rumes wlu n nitric* oxide AVas mixed with air, and the 1‘aet lhai 
these iiimes immediately dissohc'd in water, 

'riu' eonijjosition of nitric oxide was lirst in vc.'stii^atc'd by Ib’iestlc'y “ 
in 17«S(i, Avlio heated iron in nitric oxide' l)y means of a t)urnin<»' ,L,dass. 
lie* not eel an approximate* diminution of one-half. Davy iu ISOO 
eai’ried out a similar expe'rime'ut, luit iisc'd carbon instead of iron, aiul, 
assuminiJ tliat the earliem dioxide tormeel eontaiu<‘d its own volume of 
oxyi 4 ’('n, coneduded that nitric oxide contained rallu'r more than one-hair 
its volume' of oxyyen and rather less than its volume ot nitrot’end* 

'rhe c'Xae't v eduinetrie; eoni|)ositieni ot* nitric oxide: was de'monst rate’d 
by (iav-bussae ^ in who burnt me'tallier potassium in the ••as and 

showed that the re'sidual nitrogen o<*eupie*d just one-hair ot tlie enininal 
volume*. He' rigidly concluded that ‘‘this i>as is eom[)oseei of t'e|ual parts 
by volume ot nitrogen and oxyi^a-n.'’ 

One of the most accurate* determinations ot the LjraA imetrie; ('iiiu 
jiosilion of nitric oxide was earried out by de'cejinposini!,' a, known weight 
ot the yas with he-ated nickel. The nitro<j;en liberated was eoiulensed 
on c'hareoal ami weighed, while; the* oxygen eonte'ut wa > tbuud liy 
dete rmining' the* incre'ase in the* we'ii»hl oi' the* nieke*!.'^ 

Preparation, t. The action of nitric* acid ysp. i^r. 1*2) upon e-oppe*!* 
lurniniL's or toil five's a, reaely stream oj‘ nitric* ox'de* t ty'llier 'Vith 
varviny' amounts of nitrous oxide and nitroi^en. Aekwoiili'' slioweel 
that, ae'cnmulal ion ot e:*opj>er nitrate* ine*r('ase'd tlu* amount of nitrous 
oxide*, so that a ])ure'r ,!i^nis is olitaine'd by re;movin_i4' this solution at the* 
bottom eif a toAve*!* eontainiui^ the* e'erpjier : 

;5C’n i SllNO,--:K’u(NO;d, : 2NO pldloO. 

Purilieation is best e, licet eel by washing theyas with wate*'. absorla-iy 
in terrous sulphate solution, ayd then expelliny it iVom the 1 liter solu- 
tion by means ol’ lu’at. 

2. A purer form oi' i trie oxide is ohtajne.'d by lu-aliny le itous 
sulphate Avilli nitric acid, or a mixture ed’ leTrons sulphate and pejtassium 
nitrate AAith dilute sulplmrie acid : 

2 KNO 3 |-(J1A*S0, f 1I[,S0, i-;3Fc2(SOj3 j- 2 \D [ iH.,0. 


^ di k'stloy, OH Air, J77I, I, IdR; 1777, 111, Pivtarc', p. ; ExiM riniciil; 

and (ibficrmlions, 1779, IV, 48. 

“ Pru'sik’v, KxiwruiivHli and Ob<i rriiHoii'-, 178(1, VI, 301. 

Davy, irf;r/.'.s 111, 77. 

■* Day-Lussaes Ah mbic Club Jxoprints, l\\ 11. 

^ (tray, Tni/i'i. (Al:ih. Soc., 1905, 87 , 1001. ►‘^e.'c' alsti undia’ iVtoinic^\Vaglil, j).*59. * 

« Ailv’Voi-f.h /W 1W7-. oO si-XJ 



3. 'I’he action of ))otas.siuni nitrate on a solution of ferrous cliloritfe’ 
in liydrocJiloric a<‘i(l also yields a fairly j)iire lonn of ^as : ^ 

LK\(), I (iFeClg I Slid L>iad+6Pctl3f2NO 

1 . A eouvonicnl mctliod of [)rej)aratioii is by droppiii^f a coiieeidrahal 
solution of sodium nitrite into a solution of ferrous sulphate iu sulphuric 
acid, or ijito a solution of ferrous chloride in hydroehlorie acid : “ 

IINO 2 1 FeCI^ f irCl -NO I FeCbj If./). 

A slow stream of nitric oxide is obtainet^ |)y drop})iii<r a. solution 
of a mixture of |)otassium ferroeyanidc and potassium nitrite into dilute 
aeetie.acid ; ^ 

K 4 Fe(CN )6 1 HNO., ! Cl],('()On 

--:'K.iFe(CN)« i t IljCOOK I NO l-JUO. 

(i. A very jnire form of _i*as may be prepared by dropping sulphurii; 
aeiil (50 ])er cent.) on to a concentrated solution of potassium nitrite 
(2 parts) and jiotassium iodide (1 part): '^ 

211X0, ! 2111 2 N()H [3 1 211,0. 

7. Fure nitri(; oxide is formed in Ihe Lunm’C nitronielir method of 
estimating' nitrates, namely, by shakiriij nitric acid with (‘xeess of 
sidpJiiirie acid and mercury. 

(S. Nitric oxide is exohed when sulphur dioxide is t)assed tliroui*h 
warm nitric acid (sp. .m*. 1*15):^'* 

aso, I 211 x 0 . 5 - 2 M 20 ;ill 2 SOi 12 x 0 . 

0 . Fleetrolysis of a mixture of a 20 to Hi) [kv cent, solution of nitric 
acid, eontaijiing 1 to 2 per cent, of nitrous acid, below 50'’ C. yields 
nitric oxide.’ 

10 . Pure' nitric oxide is produced when nitroso-diphenyiamine is 
heated, either ui rariKt ( to 75 ’ F.) or in air (bSO*’ to 100 ’ C.).^ 

Physical Properties. Nitric oxide is a eolourU'ss i»a.s with a low 
boilinj[^'-j>oint, heavier than air and sparin<»ly soluble in water, I'ivim*' 
(at lirst) a neutral solution. Its density relative to air has been 
determined as 103T2'^ and 1*0387. The weight of 1 litre at N.T.P. 
is 1*3402 grains.^ ^ 

Nitric oxide shows but little de\ iation from PoyleX Law. .Jacjuerod 
and Seheuer have determined the value of the coelUeient a„ in the 
equation 

Po^ 0 

between pressures of tOO mm. and 800 mni,, and found it to be - -0*00117. 

1 (iay'Lu.ssac, Ann. Chiin. /V///.v,, 1817, (iii), 23, 20, 3. 

- Thiele, A nmilcn., 188U, 253, 2-l(). 

^ Deventer, Ber., 1892, 26, .589. 

1 Winker, ibid., 1901, 34 , 1108. 

•* Einiel), MonaUfh., 1892, 13, 72. 

^ Weber, Pogij. AnnaUn, 1807, 130, 277. 

" !\f('isfcr. f.iu’ius, ;m(l Bniriing, (Jrrman Patent, 2JI202 (1912). 

Alaiqiieyrol anil Klorentin, Hull. Hoc. chini., 1912, 13, 09. 

** Daceoino anil Meyer, Antutkn, 1887, 240, 220. 

LeOne, Com}*., rend., 1892, 1 16, 322. 

(iiay, Proc. Chc.m. Bor., IJK/.l, 56; (iuvi* and D ivila, Cuiupt. rend., 1905, 141, 82(3. 

Jaquerod ahd Seheuer, ibid., 1905, 140, 1384, 



The coelficieht of expansion between —140° and 0° C. is 0 ()037074K 
Regnanlt’s value for the speeilic heat id, constant pressnre (Cj,) is* 
0*23175, and the ratio 1*40. Tlie value of C^,’C^„ ac^cordin^ to 

ileuse,* is 1*38 at both 15° and -80° C. It d''uinishes st**adily at 
higher tcnij)cralurcs ; tlins : 

Temperature, ° C. . 300 500 1000 1500 2000 

CJC,„. , . . 1*300 1*303 1*375 1*347 1*317* 

The difforence, C.^, (-^ (11 for a perfect gas), also di minis lies 

slightly at liigher tem|)eratures : 

IVmpcrature, ° C. . . 300 500 1000 

Cj, -C„ .... 1*008 1*000 1*088 * 

'J’he variation of Ihe molar heat at eonslant volume with the 
temperaluro is best expressed by the equation 

-5*102 0*035(MT I 0*0(.0554T- -0*()3J034'r=*.* 

Nitric oxide* is an endoth(*rmie compound ; the* heat of ronnatioii 
is given as 21*575 or 2t*(J00 (als. at ordinaiy tern] )eratu res. Tliat 
eaieulated for 18M ’ C. is 23*000 (’als.* 

'I'he nisms////’ of nitric oxide at 0° is 170 t x 10 
'J’lu* /'e/)Y/e//re//n/ej.‘ of nitric ()xide for th(* sodium I) line is 10002030.**’ ^ 
'riie following tabk* gives liic values of the al)sorj)tn i eoclliraMii, 
(/j) (sec p. 35) of nitric oxide al various temperatures 


SOLUBILITY OF NITRK^ OXIDE IN WATER. 
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^ Adveiitowaki, Bull. AnuL Sri. Cwrtm\ 11)01), 742, 

“ .Rx'gnault, Mem. de. i'Antd., 18(32, 26, 2(32. 

® Heuao, Ann. Bhijsik, 1911), |4], 59, 8(3. 

* Sliilliug, Trans. Farad<aif Soc., 192(3, (vi), 22, 287, .‘188. 

'* Thomson, ThermocJietnlsche. Untcrsvchnm/r.n, |9()(3, 1(52. 

* ;BertheIot, Ann, Chim. Phi/s., 1880, [oj, 20, 2(50. 

’ Vogol, A?m. Bhysik, 1914, (iv), 43, 12I1;> ; also Ifarriiiglon, Phffsieal Jieview, 191(5, 
8, 740. ‘ • ■ 

® CuthlK^rtsun and Metcalfr, Proc. Roy. Sor.., 1908, [AJ, 80, 40(5. 

C, and M. Cnthhortson, Phil. Trans., 1913, 213 [Al, 1. 

Wijikler, Btr., 1901, 34, 1408. 



, ir>2 NITROGEN. 

Nitric oxide is much more soluble in ethyl alcohol than iu water, as 
■i's shown in the ro]lowim>’ tahle : 

T»'rii]K'r;il.iir<v, , . () T) 10 IT) i>0 lit 

(‘or'Oicioiit (//) . 0‘;3l00(i O-lMtOSo 0-2Sli0!) O'^TtyS (» L>(;r)!»2 O LNiOOO 

The formula expressinj^ the value of the absor[)lion eoellieienl 
betwe en O ' and 21-'^ C. is : 

- 0 -OO.T 1 hS 7 '/ i ooooo to/-. 

Tlu‘ solubility of lutrie oxide* in suljdmrie ; eid has been determined 
by Tower.- The folloAvinir lable j^ives his results at IS ’ G. and 700 mm. 
in terms of the solubility eoetlieient (/T) (see p. .‘35), which ineludc's the* 
A'apour pressure of llu* solvent : 


SOLUBILITY OF NITRIC OXIDE IN AQUEOUS 
SULPHURIC ACID. 
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The earlier work of Liinoe oave the value s of 0-0;35 (or !).S per 
cent. HoSO,! and 0-017 for 00 per ee'nt. JIoSOj. Tower j)e)ints e)ut that 
for 08 ])<‘r cent. IL^SOj no (Constant results could be ol>taiiU‘d e)winn' te) 
the sedubility of the me*reury in .sulphuric acid in the* j>re-senee‘ e)l‘ nitric 
oxide-. Hence few (]U;mt itatix'e- Avork Avith tlie* lamyc* nitromete-r e-eai- 
centrated aeiel should not be uscel. The most accurate* results Ibr the: 
estimation of nitrates, nitrites, anel oxide-s of nitroe'e-f) are e)btain('el by 
usino* sulphuric acid of 70 per eent. coiK-entratie)n, in which both nitric 
oxitle anel air show a minimum solubility. 

The absorjdiem of nitric oxide by aejue-ejus solutie)ns of \arie)us salts 
has l)ee]i the subject <d‘ much iiiATstij^ation. In the* case e)f ierre)us salt 
solutions 1 he solubility ed' the e^uis increases with the ce)nce ntralie)n e)r the* 
solutiejii. The limit i.s re-aehi'd Avlie-n the proportions of ire)n te) iii trie- 
oxide are in the ratio 1:1, both in aejueous and alcohone* seAlulions.'' 
It is assumed that unstable chemical com[)ounels are Ibrnied of the 
type FeSO.j.NO, FeCIo.NO, etc., but the n*ady disse)e-ialie)n e)f such 
comjwunds under the inllucncc of heat indicates only a ft-e-ble <*om- 
binatiem. Usher has invc.sti^alcd the lrcc/in,n -point e)f such solutie)ns, 

^ liiin.Sf'U, (h(/iOiiutri-'ichc Mf tlwdt n (Hraunst-Iiweig, 1877 ). 

- Tower, ZfH.srh. amyrij. ('hem., 19oa, 50 , .‘382. 

* J.uri^o, ./. .SV. (diem, hid., 188.5, 4 , 118; Hrr., 188.5, i 8 , llJtH. 

^ idaiichut and ZcrlK'utniayri-, Annakn, 1900, 350 , .'{(KS. See also KohlseliuUe'r, lU f., 
1907, 40 , 877 ; iliiiner, Zvilftrh. ph}f-iihd. (.'hem., 1907, 59 , 11 ( 1 ; also tlii.s scries, Vol. IX., 
i’a^'t J 1. ,1 

® rsher. Zeiheh. phynihil. (Jhun., 1908, 62 , 022. 



THK OXIDES OF NITHOGEN, 153 

and finds Unit neither the rree/ini«;- point nor the [iressnre of Uie nitrie 
oxiile ri'inained eonstant, and tu nee no eiaieli^'on i‘an be drawn as tf) 
the nature of the eoinfion nd KeSO j.XO. Tiie absorption of lytrie oxide 
by bivalent salt solutions of niekel, eolialt, and ni ii^anese is of a similar 
nalure.^ Ferric salts also alisorb nilrie oxide n' ldily,- as also do many 
metallie and non-nudallic halides.-^ Nilrie oxide dissolvi's in solulions 
of eoppi r sulphate', [irodueinn’ a. violet unstable comjiomui, ('uS() ,.\().^ 
'I'he solufiility of the ^as in ('uprous halides in various solvents has beeai 
determined.^ 

Aeeordiiii^ to N'illardA nitrie oxiele forms an unstable hydra ie al 
O ' under a pressure of 10 al mosplieres, or at 12^ C. under ii) atmo- 
sphi'i'c's, but not al)o\'e ('. under any conditions. 

l^’rom conduct i\it.v determinations of wate'i* through which nilrie. 
oxide is jiassed, /immermann ^ concludes that the gas is neillu'r a weak 
nor a strong acid. 

A purpli' solid is formed by nitrie oxiele and hydrogeii ehloriete at 
-ISO ' C.''^ 'this melts at I.^O’ ('. lo a purple li<piid, and is assumed 
to 1 k' an unslabh' comjilex of the type* |N’()I1JA'I \ 

Liquid Nitric Oxide. Faraday unsuccessl’ully attemj)ti'd to 
li(jU('fy iiitiie oxide al 110 'F. and under a pressure' of .>0 atmospheres, 
but tlu? liejmfael ion was aecomjilished by Failletet,'’ who allowe'd tin 
gas lo expand from a, pressure; eif lOt atmeisfihen's at 11 ' F. Liptii'd 
nitric eixide is ceilejuiiess in thin laye-rs but slightly blue lu’n e x • 
amined in thick layers, which eeilour is preibably elne to traces e(<* 
nitroge'ii Irioxide. The; critical constatds arc shown ’’i llu' l‘oll(e\- 
ing table ; — 


CRITICAL CONSTANTS OF NTfRIC OXIDE. 


( Vitical 
Teiii|iernnuv, 
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, .\dve niowski, Hull. .iaul. 
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Sri. ( 'nianr, 1000, 7 l ^. 


The* variation eif the l>oiling-pe)int «)f liejuiel nitrie; eixid- with the 
jiressurc is shown in the' jolleiwing table ; - 


* JtiifneM’, Zeit‘<cli. p/ufsiLal. Clmn., 59 , (lei. 

“ Manchgt, ibiif., 1010,72, 170, Sec also IImh scries, V'ol. IX., t’ait II. 
^ Ucysun, (Jon/pf. nnd., IHSO, 108 , 1012. 

^ Maiie'hnt, Annalni, IIHX), 375, 20N. 

** Ivolilscliiiitcr, lor. ril. 

* \aJIai'(l, Coni pi. rend., 1888, 106 1002. 

’ I^ininici’iiiaini, Monut/ih., lOOo, 26, 1277, 

^ H()«]('l)ii.sli aial Vulcnia, Anur. Clnm. Sot'., 102:5, 45 . ;5:i2. 

" Caillctct, (Unit pi. rrnd., 1 877, 85 , 1010, 

Travers, E.vpi:rivicnUil SludtjoJ iUtsi 'i (Maeaiiillau, lOtU), 
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VARIATION OF THE BOILING-POINT OF NITRIC 
OXIDE WITH THE PRESSUREJ 


I’n'Hsujv. 

Boiling -point-, 

;J51) mm. 

-IST'B 

700 „ 

1.5()*2 

!)-8 atm. 

-125*9 

27*7 „ 

- 109-2 

550 „ 

- 90-.3 


Advciitowski ‘ assniiK's that liquid nitric oxide at lr>w tcuipi'ratiircs 
is polyiucriscd on account ot‘ llic anomalous vapour-pressure curve, and 
the hi<>li density al the hoiliuij-point, sup|)orts this view. It 

would appear, how(‘Ver, that complete dissoeiaiioti has occurred at 
atmospheric pressure on aecomd ot the normal \'apour density at this 
pressure. 

The mean eocllieicad ot expansion ol’ li<iui<l nilrie oxide ' f)elw(‘en 

- I K)' and 0 ’ (\ at TOO mm. is O OOJ^TOTl. The rerraetive index for 
sodium li,uld, n.|), is l-.*5.‘)0.^ 

Solid Nitric Oxide. Ols/cwski •* obtained a snow-like mass by 
coolini^ li(iuid nitric oxide to -~107” C. under a [)ressure of LkS mm. 
Acconling to Advciitowski, ^ the melting-] loint of the solid is IGO O"' C. 
at- 1G8 mm. Jaquid oxygen and solid nitric oxide combine explosively 
unless thoroughly cooled i)y complete immersion in liquid oxygen."^ 

Chemical Properties. -Nitric oxide is much more stable than 
nitrous oxide, and its decomposition by heat, which begins at 500'' C. 
and is only slight at 000'' C., is not eom])lete until the very high tenijicra- 
ture of 1775' C. is reached.^ The Tormation of nitric oxidi; from its 
elements has been studi(‘d by Nernst,®arul its decomposition by Jellinek.’ 
A candle, burning sulphur, aiul feebly burning phosjihorus are (extin- 
guished by the gas, because the temperatures are loo low to bring about 
its decompositiou. Brightly burning phosphorus, however, (eontinues 
to burn with increased brilliancy, producing i)hosphori(e oxide and 
leaving nitrogen. Burning carbon similarly removes tlue oxygon, while 
burning boron producers a mixture of boric acid and boron nitride.*’ 

A number of metals are oxidised at a high temperature in nitric 
oxide, but if in a finely dividi'd condition will reduce the gas at lower 
temperatures.** 

FJectric sparks passed through a mixture of sulphur vapour and 

^ A(lvctit.()\v.ski, Hull, Acad. Hci. Craron\ 1901), 742; Zeiisek. f, Koinpr, u. Jlus/f. Oam, 
19in-.ll, 13, 19. 

- liivoiiif' diul Phil, Maep,, 1892, [.7J, 34, 205. 

^ 01s/.ewski, Po/iipl, rend., 1885, 100, 940. 

^ J)(*war, l*ror. ( 'hem. Hor.^ 1895, II, 225. 

Ksnicli, Mofiatsh., 1892, 13, 78. 0J.5. 

“ Nernst, Zeiheh. <inoiy. Cke.vi:, 1900, 49, 2I‘j. 

- ’ Jollinck, ibid., 1900, 49, 229. 

^ Woliler ajid Kcvillc, Ann. Chim. Phys.^ 1858, l3|, 52, 03; Annal<:n, 1858, 105, 09. 

® ISabatier and '8en(ltTeu8, Compt. rcijd.y fb95, I 20 , 018, 1158. 



; "ois*' “la?;:. 

nitric oxide yivc sulphurous and nitrous acids, which react further to 
^dve nitrosyl-su]})}iuric acid.^ * 

Generally speaking, nitric oxide can be reduced in stages ^dght down 
to aninionia. Tims, when tin* gas is mixed with» liydrogeii and brought 
into contact witli [)Iatijuini black, or finely diwded nickel or copper, 
tin, iron, or zinc,^ ammonia is produced. 

Stannous chloride reduces nitric oxide to hy^lroxylainine and 
ammonia, and also to hyponitrite if the solution is alkaline. 

Chroruous salts pioducc ammonia in neutral solution, and hydroxyl- 
amine if the solutioji is acid.'^ 

Jiydriodie acid reduces nitric oxide to ammonia.^ Ibuluelion to 
nitrous oxide is brought about by alkaline pyrogallol,^* sul[>huroiis acid,^ 
])hosj)hinc (also some nitrogen),^ and sulphuretted hydrogen and 
alkaline snlpliidcs (with some amtnoniuin sulphide).''* 

^lany oxidising agents react with nitric oxicle, producing (•hielly 
nitric acid. Potassium permanganate, iodine, and hypoeiiiorous acid 
yield nitric acid, ll^alrogcn peroxide gives nitrous and nitric aeicls. 
Silver oxide, manganese dioxide, had dioxide, and red h'ad produec 
nitric acid. Chlorine peroxide gives nitrogen peroxide, while potassium 
chlorate and potassiiun iodate, heated in the gas, tdnn nitrate; and 
nitrogen [)croxidc with the liberation of halogens.*'* 

Nitric oxide roaets with water when jjrcservcd in cojilacl for any 
length of lime. Aecordii»g to MoserA^ l)(»lh dissolved oxvgen and 
liydrions arc resj)onsil)lc for the chemical changes which lake; plac<\ 
[)r()dueing, lirstly, nitrons and hyponitrous acids: *- 

lN()f2H/) g>llN(),, i ItoNaO.. 

The hyponitrous acid breaks dowji, giving nitrous anliydride ant! 
also aimnonia : 

;{lioN,0. ^N.!), 1 2X11,. 

This ammonia ibrms aimnonimn nitrite with the nilrous acid, and 
this breaks down with tiie liberaiion ot* nitrogen : 

NIliNO. Ni h2H,0. 

The amount of nitrogen increases with the l(‘nglii (►1‘ tinu: the nitric 
oxide is kt'pt in contact with the water. 

Potassium hydroxidt* in contact with nitric oxide tor some months 
at th(‘ ordinary l('mperature produces a diminution of To per eerd. in 
the volume. The residual gas is uilrous oxide, au'i [)ot.‘issium nilntt> 
is found in tlie solution.^* The reaction at 100^ C. leaves a. residue 

^ Clievricr, CompL rend., 1801), 69 , KiO. 

“ Sabatier and Sendorens, ihUl., Jl)02, 135, 278. 

•' l^araday, Pogg. Ammlcn, 1831, 33, 113. 

Kohlflehutt^’r, Her., 11)01, 37, 305.3. 

^ ( ■hapmaii, Trans. V/icm. Soc., 1807, 20, 101). 

** Opiwnlieinier, Her,, 11)03, 36 , 1741. 

’ Linige, ibid,, 1881, 14, 2il)(). 

« Dalton, Aim. Phil., 1017, 9, 180; 10. 38, 83 ; Hilberl's Annul s, 1818, 58, 70. 

" Lccomto, Ann. Chiin. Phys., 1847, [31, 21, 180. 

Aiiden and Fowler, Chem. News, I80.~s 72, 103. 

Moser, ZeUe^ch. anul. (’hem., 1011, 50,401. 

Zinunermanii, ^lonatsh., 1005, 26, 1277. 

Harit/flcb and Kanfmunii, Anwdeii, 1800, 292, 317. 
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NITROGEN. 


which chiefly consists of nitro^a'ii with a small amount of nitrous oxide. ^ 
At a higher txanperature still, namely, 125- G., tlicre is a diminution of 
per cent., and the residual <fas is entirely iiilroiren : “ 

0 X0 [ IKOII Nod- tKXOo I 2II2O. 

Nilrie oxide eominm's with chlorine and hromiiK; to form nitrosyl 
chloride, XOCI, and nitrosyl bromide, NOHr (with XOlh-jJ, res[)eeti V('ly, 
hut with lluorin(‘ yields nitryl fluoride, XT)oK : 

4N()+F2r:.-.X2-|-‘-iNOoF. 

(S('e under Xiiro,i*eii and llalouens, p. 12t.) 

The (Inflation of N i trie (hide. The <(eneral explanation of the forma- 
tion of ruddy fumes wlien nitrie oxide is bronuht hito contact witli air 
or oxy^^en is that nitroijtai peroxid(‘ is produced : 

2X0 [-O0 -2XO2. 

There seems t(i be little doubt that nitroneii pi-roxide is the (inal 
j)roduet, but it. is by no means deeid<‘d whether the abova^ equation 
truly represents tlu* mechanism of the oxidatio]». 

in ilu' lirst [)lae(', it would seem that nitro^^en trioxidc* is tlu' sole 
])roduet when the oxidation is carried out Ix'low -llOd even with 
excess of oxyoc'U : 

4X0 1-0, v2X.,0:5, 

and the production of nilroj»en letroxide only occurs al)o\ c lOO ' : 

2X20.,-f 02-^2 No 0 i. 

(Sec also p. Kith) 

Uasehi^^ maintains that at ordinary Icjuperatures a similar in1(‘r- 
mediate formation of the trioxide oe<'urs, the second oxidation to the 
peroxide takin^^ a much longer time.* Aeeordino- to Lun,i>ed’ howcjver, 
the primary product of oxidation is the [)eroxide, the reaction beintf of 
the third ordcT. 

Fiirtla'i’ ('\ id(‘nee in fawjiir of nitroij;(‘n trioxide b('im» the lirst oxida- 
tion product of nitric oxide, is Ihe instantaneous formation of X,0., when 
nitrie oxide and oxyj^cai are Jiiixed iii th(‘ ratio of 4 to ] at (»rdinary 
temperatures, the jU’oduet reinainini'' stable. \Vhej» the proportions of 
nitrie oxide and oxygen are as 2: I, the XoO;. stagi' is reached very 
rapidly, tlien further oxidation to X./),, oecjirs, 84 ]kt cent, in 20 se(;oiids, 
and eomjdetely in 100 seconds,** 

Sanfourehe also maintains that the first stage in the oxidation of 
nitrie oxide by dry air is nitrogen trioxidc*, which occurs instan- 
taneously between - 50^ C. and 52.5'^ C. The S(*cond d.age in the 
oxidatioji, Avhicli residts in the formation of nitrogen peroxide, proceeds 
according to the equation 

2X2O3 |-(32^4X(),, 

and is governed by tlic temperature.’ 

’ Itussell and Lfgraik, Tmns. Chan). ,S'or., IS77, 31, :{7. 

2 t’luiah, Mouui.'ih.^ 1892, I 3 , 

^ 1'Vuno‘SC.oni uinl Sciacca., CazzdUt^ IIMM, 34 , i, 147. 

* Ita.scliig, Zcilsch. ionjnr. Cham., 1904, 17 , 1777 ; 1905, 18 , 121 . 

^ l^ungr, ibid,, 1900, 19 , 807 ; 1907, 20, 1717. 
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’ Naal’ourelit;, ibid., 1919, 168 , .207. 
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Tlie lirsl oxidntioii prodnot, in proscncc of widrr, is sfiiled to 
1)0 Iho tri()xid<‘ and not tin* peroxide. 'I'Ik' nitro<^('n Irioxide is tluii 
deeoniposed hy water to form nilrio aeid and nilri(^ oxide. ^ 

In llie ]m‘sene<‘ <if niirie acid, Sanfoiirelic eonsiilers tliat nitrogen 
trioxide is oxidised to form (lie peroxide and water : 

:2N/), 1 [Up. 

It eannot be said f lial tlx* mechanism of tlie oxidation lias been dt^linitc'ly 
selllc'd. One of tlu‘ chief dillienlties eneountcard is the fael tliat 
iiilroe-en trioxidi' behaves e*h(*inieally as if its formula wen; Xolh,. w!;ereas 
its physical jiroperties indicate I hat il is an e(jninu»le(Milar oiixlnre ol' 
nitri<* oxide and nitroj4-en tetroxidex Thus it is prob:d)Ie Unit Limue's 
theory as to tlie primary formation of nilroi»en |>eroxidi' is (‘oireel, as 
this oxide; wonld then combine with nnoxidised nitric oxide* to form 
nitrogen trioxidc : 

N,04 f 2X0 -2N0O3. 

It lias been sliown that nndcr ordinary conditiems nitroj^en [ii'roxidc, 
nitric oxide, and nilroiren trioxide can exist in eepiilibrinm,- which 
means that oxidation of nitric oxirh* in the j)r(*sence of an absorbcid, 
rc'snlts in the removal of nitrogen tetroxide*. tooethcr with an e<|in\ alent 
of niirie oxide in tin; form of nitron-en trioxide. 

1die ns(' of snitabh* alisorlients is of fnndarneiital import an<’(; in 
del(*rniininy tlic jiroducts of oxidation of nitric oxide. In I he ease of 
concent rated snlphnric acid, both Hasehi.L>‘ and Lnni;' a.nri‘e tliat a 
mixtm’c* of nitric oxide and nitro^X'ii peroxide is absorls-d as nilro^iiai 
trioxide to produce nil rosyl-sulphiiric aeid : 

XX)3 rlilUSOi .2nN()S0i l-II/). 

Xitro;4('n tet voxide is also absorbed by concentrated sniplinrie. acid, 
and a rise in tenijieraturc causes the reaction to move in the O'verse 
direct ion : 

N .0 1 I M 2SO , - 1 IXOSO^ J I INO3. 

Aipieons alkalies do not comfiletely absorb (‘ither nitrogen trioxidc 
or nitrogen tetroxide. since secondary reactions ocian* whieli are due to 
the water presi'ut. 'I'liesi* will la* discussed in d(‘tail under ilie ri'spectivc 
oxides. 

The kinetics of thi* oxidation of nitric oxide can be <’;ealt with in two 
ways, according as to whether the final product is XO^ or It it be 

assumed that the reaction is* represented by 

2X0 1 ()2:;^-2N02, 

i.c, that the nitrogen tetroxide is comjilctely dissociated, then the 
reaction ^•elocity is (;xj)ressed by the usual Irimoleeular t;quation 


^ Saiifoiirctio, rend., 11)19, 168 , 401. S«>c iilso Scliiiiidl. and llncki r. /a^.. 190»», 

39 , KIO.S; \a‘ Hhinc, ZcU6r/i. Klvktrochvhf., IDOl). 12,541 ; Uriiior, Xi.'winski.and WisuaM, 
J. Chim. pfi 1922, 19 . 290. 

“ Divoji and I’nO'rkin, Trans. Chnn. Hoc., 1899, 7 *;, 029. 

^ liuijjn and ^\'oinl.^{luh, Zcit-sch. antfi tv. 1899, 12 , 417. 



•where 


2rtrrr.initin| eoneeniratioii of NO, 

» )» )) 02t 

.r umoiiiit iransroruiod in lime t. 


On iiilo^rration tlie velocity constant is given by Ihe C([mition 


K 


> J / io„ ‘"('iT'*')! 

t ‘ {c - ny^{a{a - .r) n{c -,rj I * 


The value of K can Ix' calciilated from the experimental work of 
Lunge and Her) ^ on the oxidation of mixtures of nitric oxide and air. 

Tlie above expression ignores the change in volume in the syslem, 
although this error may be minimised by calculating K for successive 
small intervals of time. An exfu’cssion is given by Wegseheider “ to 
correct for this volume error both in tlie (Mjuation-- 

2NO f 03.^2X02 . . . . (1) 

and also in the reaction which assumes that one-half of the N2()4 is 
dissociated : 

2NO I O2, >0-r,N2O,H 0-ri(2NO2) . . (2) 

This expression is— - 

(I ^ K ( M 1 - ^ ( M 2 - / 1 ) 

d^' /,: irrr v ’ 

(V - pVj 


wlu're Ml - initial concentration of NO, 

M^- ,, ,, ,, O21 

/X - volume of oxygen changed in time t in lOl) volumes of 
mixture, 

V - total initial volume of gas at temperature T and ])rcssure 
P, these two latter being constant iiiuhu’ the conditions 
of the experiment, 

b- l in equation (1) and 1*5 in equation (2). 

Further work on the oxidation of nitric oxide has been carried out 
by Bodenstcin ; he inv(‘stigated the variation of the velocity constant 
with tempcralnre ; Todd ‘ investigated this from the standpoint of 
constant ^ olume and constant pressure rcaietioiis. 

Detection and Estimation. Nitrie oxide can easily be detected 
by the formation of brown fumes when lirought into eontat*! with air 
or oxygen. This oxidation can also be utilised as a nutans of estimaliori 
by absorbing the nitrogen trioxide by dry |yota.ssium hydroxide-, 

tKOf M 4NO I 0. - iKNOa f 21 i 2O, 

as four-lifths of the total eontractiou observed by the addition of a 
known volume of air or oxygen is nitric, oxide.® Monoctliyl aniline’^ 
may be used instead of caustic potasli with advantage, as it docs not 
absorb N./), Ng, C()2, or CO. Another method of estimation ’ is to 

‘ liuage and tfcrl, Znt^rh. mujt'w. Vhem., 1900, 19 , SGO. 

Wt-gseheidor, ZritJicfi. phydknl. Chem.^ MKiO, 35 , ^>"7. 

^ HodcnBUdii, Zcitficfi. EUklm-hau., 191H, 24 , 

Todd, Phil. 1918, 35 , 281. 

Klinger, Jkr., 1912, 45 , 3231. 

“ Koe’iiler and IVlarcjijeyrol, Jiull. Soc. ehim., 1913, 13 , lilt 

‘ Kiynre, Ohrm. Jnd.^ 1902, 531, 



vAix»iSis; 

observe the contnietion which occurs when a coni aiuing nitric 
oxide is bronchi: into contact with aciditied ])()tassinin hichroinatc. Tj) 
this case coniplete oxidation to nitric acid takes place. 

Potassium permanf^anate ^ will also bring alMiit a sijni]ar*oxidation, 
hut in this case an acidified standard solution i; used, and the amount 
of ])errnanganate used up is determiued by ordim.r voliimetrie methods. 

Reduction ^ of nitric oxide to nitrogen may he ]>rouglit about by 
passing tlie gas mixed with liydrogen over lieat( d platinum black. 

None of the foregoing methotls arc applicable it‘ a mixture ot gases 
eontainiiig nitrie oxide, nitrogen trioxide, and nitrogen ])LToxid(‘ is to 
be analysed, owing to tlic interaction of nitrie oxide and uiirogen 
j)eroxide ; 

NO ! NOo^- NJ),. 

An apju’oximaie cslimaiion may be made by absorbing the gases in an 
arpieoiis sointiun of sodium hydroxide and defermining the amonnts of 
nitrile and nitrate present, formed by tire following reactions : 

N .O j-I 2Na01I :-2NaX().. | 1 [.>( ) ; 

N 2O4 1 ‘JNaOII -=Na,N( ), 1 NaNO^ 1 I l^O. 

A mixture of gases wdiieh eoniains the nit rie oxide in smaller amount 
than that rc'quired })y the tetroxide? to form Nj,0;j may l)e analysed by 
absorption in eoneentrated snlphiirie acid (85 to 05 per ei'iit.) ; 

N .,0, 1 2II2SO4 201 1.SO..ONO j 1 1 >0 ; 
f n2S04--01LS02.bN0 1 HNO.,. 

This nitrosyl-sulplmric acid can be estimated by means of ))otassium 
permanganate, and the total nitrogen by tiuf nitrona'tir, and the 
relative j)ro])ortions of t]\e gases can thus he calenlated. 

When the nitric oxide is iii exce ss of the amount required by the 
peroxide to form N./J^, a. eoni})inaliori of twv> methods'^ may Ik* used. 
The absorption is first effe(‘ted in eoneentrated snljihurie acid, and the 
gases are then passed through an al)sorption tnl)e eonlaitiing aeidihed 
potassium iiennanganate. 

The Nitric Oxide Equilibrium and Synthesis, ///.s/or/cn/. 
Since the times of Priestley and (’a^endish in tlic latter part e)l‘ tlie 
eighteenth century, it has been known that the passing of eleelrie 
sparks through air gives ‘'nitric acid.” ie. oxides of nitrogen ahsorliahh' 
by jiioLash with the prodn(‘tion of ni’re. it was noticed liy Crookes 
that the eomhination oeeuiTcd in a high-tension are.* JT.‘ was a .\ake 
to the neeessity of securing snllieient siqipiy ot eomhiiUH* nitrogen for 
agricultural purposes. The nitric oxide synthesis v as from this time 
largely investigated wiMi a view to technica! use. Rayhigh jiassed 
sparks from an induction coil Ihixaigh an oxygrm -nitrogen mixture 
containing 86 ])er ci'iit. of the latter gas, in the presence ol* (‘xe(‘ss oJ' 
alkali which was circulated continuously. The yield was at the rate ol’ 
56 grams HNO;^ per kilowatt hoiir.^ A number ol‘ ares draAVU out by 
rotation was used to increase the coiieeutration of electrical vuergy, but 
it was found that this soon readied a useful limit, beyond which tin* 

* M(jsk*r, ZcitHch. anal. Ch< at., 1911, 50. 101. 

- Knoiro aud Arciidi, Drr.^ 1899, 32 , 2130. 

“ VVVbt, AbAorptiou of Ailrous (Arimld, 1923), p. 345. 

* 0 joki'S, (Jlivin. AnvUf 1892, 65, 302, 

® Kaykdgii, Trans, (’hem. Soc.^ 1897, 71, 181. 
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yield of NO no lon^^or incmiscd.' About the end of tlio eentury the 
equililn'ium conditions bcojnn to be studied, and esjx'cially the dejifrces 
of eoinbi nation ^v]neh could b(‘ effected by heat alone. 

Althoifi^h some eo]nbinnlion can be effected when the ^iises are 
passed o\ (T platinum black at 250'^ yet hi;;li tenijicralun s are 
^•(‘nerally re(]uir('d for the synthesis. 'Die oxides of nitroL>en are formed 
in many eomlaislions,^ siu'h as that of carbon in highly eomj)rt'ssed 
air,'^ *’ oi‘ of hydro^im, or in tiu* jtresenee of a ])latinum wire* raised to 
a whil(‘ heat by an electric current. 'I'lie combustion of hydrogeii 
and nitron'c'u undt'r lime-water seems to afford a possible nudhod of 
fixation. ” 

77/e Tlirnnal Ef/nilihria. -Nitric oxide is formed from its elements 
wiKi absor|)tion of ‘JI (JOO Cals, per mol. of NO. 'riu* ,< 4 as is in a 
state of fals(' equilibrium at the ordi?mry tem])eratures, althoui^h sonu' 
observers had found a eonsiderabh^ sta.l)ility towards heat."^ When 
heated to b(‘tw(‘en 5(K)'^ and 10()(C however, in a lube it beydus 
to decompose, and the deeonq/ositiou is considerable at 1‘2()()" C.^ At 
liiilh temperatures small e([uilil>rium amounts of NO are forinetl from the 
ehanents. 

Th(‘ thermal erptilibria in mixtures heated by ares showed an 
increase in the amount of NO with diminution in the si/.e of the are, 
and tlu'refore presumably at higher tempc^ral ores.-' 

On account of the cjidothermie character of tin* reaction 


it shifts more to the rii^ht at the highest temperatures. 

Thee(juilibrium pcTcenta^i'sof NO have Ik'cu found expiTimtadally : 

Temperature, ’ abs. -1811 1ST7 

Rcreent.of NO(.r) -■ .()-:57 0- 12 

From these a constant ealeailated, and from the 

I N 21l''2I 

reaction isoehor, 

lo- K, loK 


the variation of the constant with iemj/eratnre is deb rmijied. Over 
the ranine of temperatures oiven, the lu'at of reaction '' <j does not vary 
much with the temq/erature : 


4\' abs. 

17(10 

1800 

1811 

2000 

2033 

2197 

2700 

2780 

2077 

2900 

3200 

.r (found) 
Kf'K 

2- 18 

8-71 

0-37 
9- 10 

(7-3 

0-04 

17-9 

0 97 ^ 
24 2 

17-7 

2-07 
72- 1 

70'8 

82-9 

117-9 

;ri 

O-IO 

0-34 

0-37 

001 

0-07 

0-98 

1-79 

2()4 

2-37 

3-20 

4 -13 


aq is calculated in the case of air by means of the C(piat.ion — 


^'Mc.Doiijjiall and H<av1c8, Mrni. Mtnirhu.^h c Phil. Pm\, (iv), 44 , No, lit 
' Sec \V older, Tur,, 36 , I>47t) ; Loow .7. Aijric. Sci., I UK), 3, IWO ; (;oi\t.r:isi 

Itusscll and Smith, ihid.f ilR)(>, i, i4-l. 

S[M)t<iswoodo, Pmr. liotf, Nor., IHSI, 3I, 173. 

■* Hcmix l, Ikr., iSUa, 23, 1407. 

^ IVrtliolot, Compf. rend., lOOO, 130 , 131:7, 1 1.30, 1002. 

Hrunh-r, Chemical Jjyr, 1920, 14 , 29 {9tli Januiiry). 

’ Bert ho lot, (hunpt. rend.. 1874, 77 , 1418. * Emi(4i, .l/o/nds//,, JH92, 13 , 73, 01,7. 

f Mntt'.mann (irK.'irot'cr, Jkr., KH)-t, 36 , 438. 

NciTiHt and Jollinek, ZeiUek. anory. (.'hem., 1J)0<», 49 , 213 ; Idrinkh, ifiid., 1908, 45 * IBk 
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WhcJi those equilibria are obtained by lieaJno’ Hie ^liscs to the 
highest available teinjieratnres, they must be “ lixtd ” by rapid cooling. 
In this connection the velocities ol* the direct and inverse reactions arc 
important. 1 The following values refer to air at atniosi)lu ric ])ressure : — 

(a) Time required to half decompose the equilibrium amount of NO - 

Tenqieraturc, ’’ abs. . 000 jr>00 1000 

Time in sees. . . 7350 3 3 mins. 1 see. 

(/>) 1'ime required to form half the theoretical amount of NO - 

Temperature, ' abs. . . laOO 1000 

Time in sees. . . . 1810 mins. 2-08 mins. 

The decomposition of nitric oxide at the surface of a hent(‘d ))lalinum 
wire has been studied,^ and the reaction ‘2NO Ng i O^, found to be 
unimoleeular with respect to nitric oxide. The reaction is retarded by 
oxygen but is not inlluenced by nitrogen. 

The Kffeets' of Elrcirical JHscharfie.- Altluaigh the sihmt diseliarge 
has long iK'cn knowti as a powerful agent in chemical synllK'sis, the 
spark or are discharge had, until the last (juartcr of Hu* nim teontb 
century, bccu regarded ehicdly, if not solel^q as a cojivement tneaus lor 
localising a higli temperature inside a closed vessel. Tiie (‘hieiclatioii 
of tlie meehanism of eonduetion through gases has sliown that the 
moleenics are ])roroniully affected, and that this may lead to speeilie 
eliemieal effccls, ajiart from those due to the temperatures of the 
s|)ark, etc. 

The cuudueting particles iu a gas are tree electrons and inoleeuh's 
or atoms which iiave l)een p<>siti^ely or negatively charged by the 
gai]i or loss of one or more electrons. Those gaseoiis io.'is may combine, 
with inntnai nentrnlisation of charges, thus accouutiug for such chemical 
effects as the syntlu'sis of (CN)^, MCN, etc., Oy the silent <lischarge, 
of ozone perliaps hy the union and 0~, and of NO pcrhajis hy 
the union of N" and 0+. These comjiounds arc formed in a[)pr('eiablo 
•quantities at ordinary tem])era.tures by the silent discharge, and corre- 
s})ond to electrical equilibria, which are different from the ordi»iary 
equilibria.® 

When a gradually iucreasifig voltage is ap])lied to two •t'i'cti’oilcs 
separated by a gas or mixture of gases, a small current or non-iumiiious 
diseluirge passes at first which produces no chemical effects. It is due 
to the ions and electrons naturally presciil in the gas. At a certain 
voltage, which naturally varies with the material, dimensions, aqd 
separation of the electrodes, a glow or brush discharge is seen. This 
discharge is stable, for an increase of current necessitates an increased 
voltage, therefore at a given voltage the current reaches a maximum. 
This kind of discharge produces ions by collision between electrons and 

^ Nemst and .Icllinek, he. cit. 

* (jreeii and Hinsholvvund, Tran.^. Cheiu. Soe., lt)20, 129, 1709. 

® Warburg and lA'ithausor, Ihude -^ Anmkn, 1000, 20,^743 ; 1907, 2y, 209 ; 

Ann. Phys., 1900, [8j, 8, 9, 145. 
vypL. VI. ; I. 
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gas molecules, aud lienee initiates ehemieal changes. Jl tiic eurrent *’ l " 
?s increased still rniilier, the voltage “ K falls, the eondiictivity 
rapidly incri'asi's, and the lirnsh flischarge is sneceeded by (he high- 
tension ai‘c. In this the charged particles are jirodiieed in large quan- 
tities by inqiact, tJie resistance of th(‘ gaj) decreases more rapidly than 
the eurrent inereasi's, or an increase of eurrent is accompanied by a 
dc'creasi' in the voltage. Such ares are therefore eleetrieally nnstablc. 
The tenip('n.tiiri‘ rists continuously and the nsislance decreases until 
the are jiasses. with a slight discontinuity in the “ E, I graph, into the 
ortlinary low-t('nsion or lighting are, in which the eurrent is mainly 
carried by (leetrons from the kathode and ])ositi\’ely charged ions 
from the mati rial of th(‘ anode. On this aceonnt, in spite of its high 
temperature, such an are is usel(\ss for the syn thesis of NO. It is 
necessary to maitdain the high-tension arc by elect rieal devices. A 
resistance* of tlie metallic kind (which olieys Otim's Law) is placed in 
series with the direct current arc. An increase of eurrent increases 
llu* \oltage dro]) a(‘ross this, and therefore de(‘reases that available 
for the are. In alternating current ares the resistance is r(*plaeed by 
an inductance. 

In such ares an eh ctrical equilibrium is s(‘t iqi between the nitrogen 
aiui oxygen which is not the same as the thermal c()uilibrium, and 
which only exists when and where the gases are uiuhr tin* inlluence 
of the discharge, or perhaps for a short distance beyond (or lime* after) 
the discharge, 'riiis kind of arc is jirobably due to the formation of 
atomic nitrogen and oxygen.^ 

In a high-tension arc at 2000" C\, NO can be |>rodueed in aniounts 
which would lie in thermal equilibrium with No and Og at 1500'' to 
5000^' C. Allmand and Ellingham consider that the law of mass or 
concentration action does not apply to these electrical c(]uilibria.^ 

The theory that the electrical discharge merc'ly supplies a localised 
high temperature does not account for the facts. 

It was shown on the expcTimental scale •'» that the gases su(‘kcd from 
the middh* of a 0 cm. steady vertical arc through a water-cooled |)latinum 
capillary tube contain 5 [)er cent, of NO, corresponding to the thermal 
e([uilibrium at .'iOOO'^ 

Haber and his eo-workers also used a A'ertical arc betwe(‘n (‘leetrodes 
of platinum or iron.*’’^ Using air, and with iron electrodes, they ob- 
tained nearly 10 per cent, of NO, and with a mixture of Cijual volumes 
of N^ and O^ i)assed at a slow rate (0-8 litre per hour), l i-t per cent, of 
NO. 'Fhe voltages employerl were from 2050 to 1800, and the eurrc'ut 
from *20") to *800 amp. Tin* temperatures corresponding to these 
yields in the ])urely thermal eejuilibrium w(‘re certainly not reached. 
As the arc was an alternating one and was extinguished at every half- 
period, there must have becti great, variations of temperatur(‘, which 
would still further reduce the mean value of this. A short direct eurrent 
arc at 2700° C'. with a cooled aiiode gave up to 0 per cent, of NO from 

' t)uRM(]a[Kt^avilk^./. CW llMlO. 7, 1 ; 1914,12,520; 1915, 

13,18; 1919,17,829. 

'■* Allmaiicl and Ellingham, x\p})lifd Klrrtrorhfmi'<try (Arnold, 1924). 

3 Muthiiiami and llofer, Ber., 1904, 36, 488. 

Unale, ZdUch. Ehktrovhvm.^ 1905, ii, 752. 

® (Iran and Riis.s, jVnV/.,- 1907, 13, 84.5, 578. 

® H*al)rr and ihid.^ 1907, 13, 725 ; 1908, 14, 089. 

^ 1 labor and Platon, lYn'rf., lillO, 16, 798. 
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air. If all the air had been lieatecl (o this temperature (whieh can never 
oeeur), the niaxinuim yield should have been not more than (< per cent. ‘ ^ 
()xid(‘s of nil rooen.may also be ohtaiiad from the air by sihait dis- 
charge at tJie ordinary tcFiiperalnrcs,'^ '• in whieli ease the ecmibinatiori 
must take place* through the ions produced by tins di-adiarge. 

It has been further discovered that tlie conditions of maximum 
yield per hour in any given apparatus (space-time yiidd) do not corre- 
spond to a very slow passage through (he high-tension arc (with maxi- 
mum percentage conversion), Init to a moderate speed. The presence 
of Avater-va])our diminishes the yi( Id.^ 

NiTiUKiEN TaioxinE. 

Preparation,— 1. The mixing of nitric oxide and oxygen in any 
pro})ortion l)elow --110” C. results in ])roduction of nitrogen Irioxide : '* 

For example, wlieii nitric oxide is passed through licjiiid oxygen at 
IS 5 '' C. a green solid, (N/).,),., is lirst formed, wiiieli at a slightly higluM' 
U'mperalnre is eon verted into blue X2O3. 

An im[)ure form of the trioxide is prodneed as a bluish li(|iiid when 
a mixture of nitric oxide and nitrogen peroxide is cooled to ; 5 () ' : 

NO., i NO 'N2O3. 

2. 'i'lie reduction of nitric c.cid by arsenious oxide yiidds nilrogLU 
t ri oxide ; ^ 

tnNO.j l-As ^Og 2N2O3 1- tllAsO^. 

Iaiug(‘ stated that Jiitric acid of specific gravity T;}o gives pure 
nitrogen trioxidc ; hut Hainsay and ('imdall used acid of spceilie gra vity 
1-5 and carried out the preparation as follows : The mixture of acid and 
arsenious oxide Is warmed on a. water-bath until the reaction starts, 
when the soiinx* of heat is remo\a’<l and, if necessary, the rt^torl, (or dis- 
tilling lla.sk) is cooled. The fumes are passed o\ er fused ealeiiim nitrate 
(or chloride) and jdiosphorie oxide and condensed in a U-tnhe imna rsed 
in a freezing mixture of ice and salt. Tlu* bluish-green licpiid is Ihc'ii 
redistilled in an atnios])herc of nitric oxide, passe<l over phosplioric 
oxide, and again licpielied at -10 ’ G., when the product is a deep 
bine liquid wliich, however, contains traces of nilrogtai let:’ -xide 

ik By j)assiijg a spark di.^*liarge through liquid air i lloeeiileut 
green preei|)itate is obtained, whieh, after evaporatior. of the liquid air, 
leaves the trioxidc as an imorphous blue powder, melting at -11 1’ C. 

^ ^lordon, Trnn~<i. Aunr. Efrdrochem,. Hoc., laos, 14, ]]:?, 

^ Hohvocli and Konifj;, Zt iffich. F,h htrovhcm.s I!)t(>, 16, 80."t. 

^ Warburg and Loiihansor, Driuh's Anfuthti, 15)00, 20 , 743; 1!)07, 23 , 2'.)!). 

* Ikrlhelnt, Atiu, Chim. J hy>i., UM)0, |S|, 8, 5), 145. 

® 4’artar anfl Perkins, J. Fhtjfiicnl i'hfiu., 102(5, 30 . 505. • 

“ Fnineosconi and Sciaeca, Uuzzclta, 1004, 34> (h> ? Jhdbig, Al!i ]{. ArnKl. Jjinai, 

1003, 5 , 1(50; llaschig, Chew. ZdL, 1011 3Sr 1000; JfaHclie, ./. Atfir. (7/^///,. Xor., 1025, 
47, 2143. 

^ Lunge, Bi.r.. 1878, il, 1220. 

^ llainsay and Cundall, Trans. Cheni. Sor.^ 1885, 47 , 187. 

* Helt)ig, Atti H. ircad. Uneci, 1003. [V|, 12 , i, 1(5(;; Muller, ZnM. anonjf C/ipm.. 

1012, 72,330; Ihiaohig, ibid., 1013, 84, 115, ^ 



4. 'Thb action of water upon nitrosyl-snlphuric acid (cliahifeS" 
cr^'stals) results in the* formation of nitroi^en trioxide: ^ 

X)I1 

2 SO/ H no()---2lT,SO,, 1 N.O3. 

“\)NO 

5. Nitrogen tetroxide yields the trioxidc when decomposed by a 
small quantity of water : 

N/).! f TLO-IINO. I IINGo ; 

211no2-:N2()3h up. 

(3. la(]uid nitrogen tetroxide, when saturated with nitric oxide, and 
subse(juently cooled, yields dark ])luc erystals of Jiitrogen trioxide : “ 

NoO^ f2N0=2N203. 

An impure form of the trioxide is produced as a bluish-green liquid 
when a mixture of gaseous nitrogen peroxide and nitric oxide is (‘ooled 
to ;3()°C. 

7. Mineral acids decompose sodium nitrite witli tlie liberation of 
nitrogen trioxide, Tims when a 20 i)er cent, solid ion of sodium nitrite 
is decomposed by concentrated sul|)huric acid, a gre enish colour is pro- 
duced, and a gaseous mixture of nitrogen ])eroxide and nitric oxide in 
tiu' jiroportions to form the trioxide is liberated ; 

2NaN02 I Jl2SO,r..Na2S()4 hNP3 l-lIaO. 

8. The action of a diluted nitric acid (5N or GN) upon copper gives 
nitrogen trioxidc entirely as the gaseous product.'^ 

Physical Properties of Nitrogen Trioxitle. -Nitrogen trioxidc 
under ordinary conditions is a brown gas wliieli behaves as thougli it 
were a mixture of molecular proportions of nitrogen [x roxide and nitric 
oxide. Much invesligation has taken place as to the reid existence of 
gaseous nitrogen trioxidc. No marked eoiitraetioii occurs when gaseous 
nitrogen jicroxide and nitric oxide ore mixed, as should liajifK U if eitluT 
of the following reactions took ])lacc: — 

NO,-l NO -N.O3 ; 

N.O, i 2N0=-2N2()3. 

A small diminution, however, docs occur, which is consistent with the 
presence of 8 per cent, of uudissociated ihtrogcn trioxidc,'^ 

Tlic vapour density of gaseous nitrogen trioxidc obtained from the 
liquid, whicli has been subjected to prolonged drying, indicates thattJie 
gas is made up of a mixture of Np^ and N2O3 molecules, 'fraces of 
nioisturc dissociated the larger into the smaller rnolecuh'S.® 

The boiliiig-])oint of liquid nitrogen trioxidc is approximately 

^ KaninK'lslK.'iy, 1872, 5, .*U0 ; Stn'ilY, IS72, 5, 285. 

- Wiitorf, Ztitfich, anortj. ('hem.^ IIMVI, 41, 8”> ; rorsclini vv, ibid, ISOl, 7, 2tt;. 
IV'lkot, Ann, Chim. 1811, (iii), 2, 58. 

^ liagfiter, Tr<ins’. Chem. 1921, 119, 82. 

* Ramsay and Cundall, ibid., 1890, 57, 590. 

® Tli xon Mild ^Jelcrliin, ibid., 1899, 75? 514. 

« Raker, ibid., 1907, 91, 1801. 



THE J65: 

— 2® C., after proloiif^fcd drvin^f I, he boilinj^-poiiit may rise to 

43° C.^ Under ordinary pressures the liquid is stable up to —21° C.^ 
According to Haunie and RoIxTts,^ 1110 "* boiling-point of pu»e N./).^ is 
—27° C. at 7G0 inni. The variatir)n <d“ the dei; ity of liquid nitrogen 
trioxide with tlie temperature is shown in the foih vviiig table : 

Temperature, ° C. . —8 -4 —1 0 j 2 

Density . . 1-4040 1-4555 1*4510 1-4400 1-4185 14470 

TJie melting-point diagram of the system NO,, is normal, 

and shows a single ('uteetic in the n(*ighl)ourhood of purt* 
iiiidev Nitrogen Tctro.vide, j). 17 k) 

Dissociation of Nitrogen Trioxidc.- The dissocial ion of nitrogen 
trioxide under various cojiditions of tempcTatun; and drying has been 
stmlied by Jones/’ lie concludes that three distinct reaetioiis [)roeecd : 

(а) — N 203 -HN 02 -.hN '0 ; 

(б) N0,H-N0; 

(c) 2N02/--N20j. 

The lirst reaction (a) oeeiirs wIkmi liipiid nitrogen trioxidc is vaporised 
aft(T having been dried as comj)Iei.ely as [Possible. Va[)onr lieiisity 
measurements showed that dissociation into equal volumes of nitrogen 
trioxidc, nitrogen peroxide, and nitric oxide was eompleti' at 110° C. 
At the saiJK; time, however, there would be present a feu XOg or Nyjj 
and NO jiioiecmles, (/y), which was due to iueomplete (hying. 'I'heso 
“ wet ” moleeulcs would take no part in the lirst n^action, neither would 
they combine to form nitrogen trioxidc. Association of xXOg to N 2 O .1 
molecules will occur if sullicicnt moisture is ])resent, (c). 

Dry li(iuid iiilrogY'u Irioxide is l)lue, Ixit if moisture is pr(\S(‘Ut a 
green li(inid n^sults, owing to the mixture of wet molecules with 

the blue trioxidc. At very low temperatures all specine ns of trioxide 
become blue even if slightly wet In-eause of the couiplett; association 
of any wet XOg molecules to give colourless X..0 j. 

Iji tlie gasoems state both X/)^; and X^O.-j are (•olourless when pure. 

Chemical Properties of Nitrogen Trioxide. - Nitrogen trioxide 
is oxidised completely to tJ>c peroxide with air or oxygen when hi I he 
gaseous state.** In the liquid stale oxidation only occurs if the 
temperature is below —100° C." 

In many of its reactions nitrogen Irioxide reacts as a mixture of the 
peroxide and nilrio oxide. JSbme metals are conva^rted into tia ir oxides 
with the formal ion of nitric, oxide or nitn^gen, according to whether they 
arc at a red heat or more strotiglv iguitc'd. Hydrogen sulphide is 
oxidised to siilpliur, and sulphur dioxiclc, in the ]rresence of moisture, 
undergoes the same reactions as with nitrons acid, but 110 reaction occurs 
when quite dry. Sulplmr trioxidc in carbiju bisulphide solution forms 
sulpho-nitrous anhydride, (S 03 ) 5 {N 20 ;,) 3 . 

‘ Baktir, vit. 800 jj. 104. 

^ tVaruJosooni anti Htiiaona, {ia'zcUa, 34, ji), .^1-7. 

^ Baunu! tuid Uf>bevlM, Compi. rend.^ 169, JHi8. 

* (loiitlier, Annah'H, 18S8, 245, 

** Jtmos, Tram. Vhem. ISoc., ilM4, 105, 2410. 

® Porscliaow, ZeiUch. amry. C'Aewi., 1804, 7, 214; llfllvvfob, Zfitsrh. aiK/cw. Clu m., IOO8, 

2131. 



166 NITEOOEN. 

Concentrated snlphurkr acid absorbs nitro^ren trioxide completely 
with tlie formation of nitrosyl-sniphurie acid : 

‘ill oSO, +N2O., .-21 r (NO )so, +11 +). 

Nitrogen trioxide mixes with a small amonnt of water at C. to 
^Isy a. blnish-L>reen liquid which effervesces with the liberation of nitric 
oxide, and contains both nitric afid nitrons acids. With a lar^e excess 
of water no evolution of f^as occurs, and the relatively dilute'solution, 
which contains nitrous a(‘id, is fairly sta])le.^ 

Aecordin^r to Hak(‘r,“ the trioxide does not dissolve as such in water, 
but siid<s to the bottom and decomposes into nitric oxide and nitroiren 
])eroxide, w'hieli latter oxide dissolves in the water to form both nitric 
and nitrons acids. 

Dry sodium and |)otassium hydroxides completely absorb Jiitro^eji 
trioxide, with the exclusive formation of nitrite : 

2\a()ll 1 N2O3 -2NaNOo 1 II oO. 

It lhe+ is any moisture ])resent, however, d(‘eomposil ion into nitrous 
and nitric acids occurs lirst, and neutralisation takes place \vith the 
formation of nitrate as wtU as nitrite, but a certain amount of the 
nitrous acid decomposes, with evolution of nilric oxide, before 
neutralisation.^ 

('hloroform forms a blue addili\'<‘ com])ound with nitrogen trioxide 
at -‘ 20 " C., which decomposes at ordinary temj)eratures with tlu‘ 
evolutioji of nitric oxide and nitro,L>'en peroxich*.^ 


Nitko(;kn Tetroxidk (NrTK()(;i<:x ‘vPEir’-OxiDi;). 


History.- -Tlu' lormalion ol brown nilrous fumes under varvinif 
conditions was noted by rnajiy earlier exjKU’imenters. Thus Hales in 
1727 ol)tained these fumes by mixin*,^ nitric oxide (nitrous air) with air. 
Seheele^ in 1777 mentions their removal from fuminy nitric acid by 
heat; and in the saint* year Priestley^ investigated the <)’as obtained by 
the action of nitric; acid on many metals, as well as the priqiaration by 
oxidisiny nitric oxide. Priestley proposetl a method for testing the 
iToodness of common air’' by mixin^f air w'ith excess of nitric oxide 
o\'er water. He was the lirst tt» notice a darkening of colour wlitai the 
gas was heated. w hich we jiow know of course was due to dissociation 
of the tetroxide molecules. 


® in 1781 showed the formation of nitrous fumes w hen 
pre.scmce .^^0 |>assed through air, and these fumes dissolved in 

ine yipou. jjppi^^ Uavyi" in 1800 attempted to dc'terminc 

liquid, wliicli has ^nitrogen jaroxide bv mixing nitric oxide and oxygi 
f-Hs IS made up of a . 
n^oisture dissociated the . 

The boiling-[)oint of a)nmj. Chan., isot, 5 , HS. 

m. Soc., 1007, 91, 18i:2. 

I{animolst>f*rg, Bcr., 1872, 5, IllO; tOll, 27, 7. 

ff. Chan., 32 » • 17 , 7 . 


gen 

very 


Wittnrf, Zeitsch. anonj. , . , 

igot, Ann. Chim. Phjs., 1841, (iii), 2 , 58. P- 
■^Bagsler, Trans'. Chan. Soc., 1921, 1 19 , 82, ’ Vdll, 108. 

'* Ramsay and Cniidall, ibul.. 1800, 57 , 500. 184. 

Hixon and thid., 1890, 75 , 014. 

c Raker, ibid., 1007, 91 , 1801. ^ 180. 
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successful, A more accurate inctliod Wiis adopted })y Gay-Lussac ^ in 
1810, 'vvlio measured I lie eoniractioii Avhieli ocr*urr(‘d wlieii nitric oxide 
and oxygen were mixed over mereury. lie* eoneluded that ^2 volumes 
of nitric oxide and 1 volume of oxvi^en produce- 1 1 volume of nitrojuan 
[)eroxide. TJiis result is ap])roxiniately true ordinary temperatures 
where th(T(! is a ])reponderanee of molee\ilcs. 

Preparation. 1. Nitrogen lelroxide is uKinialrly ohiained by 
mixin»r nitric oxide and oxyge n in the proportiojis of 2 : 1 l)y voliiine.- 
Cojn].)lete mixing- is obtained by passing: the leases throunh a tu})e 
containing broken ^lass. and llu^ tetroxide may be <‘oudensc;d to a .olour- 
Icss crystalline mass in a U-tub(‘ kept at -20'^ ('. : 

2X0 1 ()<, -NoO.i. 

2. Tlie jiitrates of the la^avy metals deeortipo^(^ on healing’ into a 
mixture of nitro.neii tetroxide and oxvii’en. 'Liu* fornier may be (‘on- 
densed by passing' lhroui|;h a U-liibe imnu'rsed in a fn'e/ini^' mixture : 

Pb{X0,.)2 PbO I l-JOo, 

8. The reduction of nitric acid l>y arsenious oxidi* is ojk' oI' tht' most 
convenient met hods for preparing' (pianlities of nitrogen tetroxide* : 

As/), 1 tdlXO, 2II \sO,f2X/), i IloO. 

With nitric acid of speeitie j^raxity MO or l- t.> a eerlain amount 
of nitroL»('n trioxide is also ju'odueed. C’undairs method ‘ is lo add a. 
cooled mixlure eoiitainini;’ .*315 j^rams of fiiruin^^' nitric acid ami lao 
crams of sulphuric acid to 250 crams of coarsely j)owoered arsenious 
oxide in a. Hire llask. The rcaefion eommemrs slichtly alH)ve room 
t(‘mperature, and reejuires external eoolinc. A rellux eojideiiser is 
fitted to efl'eet juvliminary eoolinc of the eas, vhieh is passed Ihroiich a 
U-lube eontaiujJic phosphoric oxide, and (h«.n eomi(‘nsc‘d lo a li(juid in 
a U-lid)e surrounded by ice and .salt. 'I’hi' distillation is slopiied as 
soon as the li(juid in the ilask turns a cnen colour; all j(»inls an* 
class-joints, (‘ork and rubber lK*in.c‘ <piiekly al lacked. Lnriiieation ol the 
licjuid nitrogen lelroxide is elTeeled by Irt'afiny with fuminc- nitric acid 
and excess phosphoric oxide : 

211X0, lIoO X..O,; 

N/):’t X/),: 2X/),. 

The li(]uid is lin.dly distilled, passed over powdi'red an'-nious .' vide, 
and reli(|uelied by eoolin.c*. ^ 

1. Fractional dislillalion of fuminc' nitric acid ,ci\'e,-. niti'ocvn 
tetroxid(‘ eoiitaminatec* with small amounts of nitric acid end nitroccai 
trioxide. ^ 

5. Xitrosyl-sulphurie a<*id warmed with potassium nitrate evolves 
nitrocen tetroxide : 

H(XO)SO, } KXO, KlISO, I X/),. 

• (I'ay-l^u.ssae, .Ooe r/n'///.., J.Sia, 1, lOl. 

“ (Jay-liii«sac, Anv. ('hint, f’ht/.s., ISia, (2|, I, Iltlt ; J.V'lii;o(, ibid., 1811, |.“1|, 2, aS ; 
Diilonfjf, ibid., ISli;, 12], 2 , JUT. 

IJ asm had I, ./. prnLi. Cfn nt., 1871, 1 2 j, 4 . 1. 

‘ Ciiiulall, Trnn.'t. (An in. Hoc., IS'.M, 59 , luTO. 

^ I\Jit.sdi<alu-h, lAhrbin'h, 1, 

* Girard and I’absl, />’«//. Sot', cliiin., 1878, (ii), 30, .all. 



NITROGEN. 

;.■ ! 6. A iiunibcr of methods of preparation from nitrites have beeti: 
devised; 

(i) The action of nitric acid upon a nitrite : ^ 

IINOg-l NaN02 r.NaOH-fNgO^. 

(ii) The action of fuming snljdniric acid upon a fused mixiure of 

sodinni nitrate and nitrite, to which siiHicicjit sodinin bi- 

siilpJiate has been added to fix free sulphur trioxide : - 

NaNO.j 1 NaNOo t llgS A-^NallSO,, f ; 

2NalIS04 [ SOg-Na^SA 1 

(iii) Nitro^u'ii tc'froxide is produced wJien fused alkali nitrites are 

electrolysed.^ 

(iv) Iodine reacts Avith silver nitrite with the liberation of nitro<^en 

tetroxide : ^ 

‘iA-NO.-f --‘An'J -fNaO,. 

7. A j^ood yield of nitro;^u*n tetroxide is obtaiiui,! ]>y passiiiLi a. 
mixiure of air and steam throujjh a tliiu ])orc(^laiu lube maintained at 
1000'^ C. The; hydroi^en jjroduced diffuses througli tlic tube, and the 
rate of diffusion is accelerated by raising the pressure inside the tube 
and knveriiig tlic pressure outside.^ 

The Physical Properties of Nitrogen Tetroxide.- Nil rogeu 
tetroxide at ordinary temj)eratures is a brown gas with a (‘liarjieteristie 
smell, and is toxie even when inhaled in small (piautilies. The density 
shows a consiclera]>Ie variation with temperature owing to the 
dissociation ; 

N204.~-2N()2. 


The variation of dcJisity (referred to air -1) ^vitll ieuiperature is 
given iji tlie following table : - 


'foiiipra- 
tnri’, C. 

Density. 

Aiitliorily. 

Tempera- 
ture, (t 

DeJisity. 

Authority. 

4-2 

ii*:j 

24-5 

07-5 

28 

32 

52 

2-588'| 
2 (il5 ! 
2-520 1 

1- 783I 

2- 70 ] 
2 05 
2-20 ■ 

Playfair and \Var»klvn, 
Tran-i. Mot/. iSoc. Edin., 
1801, 22 , 111,441. 

MuUit, Amuikn., 18(32, 

40-0 

(3(J-2 

700 

80 0 “ 
00-0 
lOO-l 
111-3 

2-27 

2-08 

102 

,1-80 

1-72 

1-08 

1 -05 


Devi lie and TroosI, 
Vo nipt, retui, 1807, 
64 , 237. 

70 

1-05 

122, J. 

121-5 

1-03 



70 

1-84 j 


135 

I -00 



20 7 

2-05 ] 

Doville and Trooat, 

154 

1-58. 



35.4 

2-53 [ 

Compt. rcn<l.y 1807, 




30-8 

i 2 ;I 0 j 

1 

64 , 237. 


. 



^ (iitaivl and Pa bat. Bull. Sor. chim., 1878, (ii), 30, 

” Winari, dernmn Pa lent, IIKJODO (10(18). 

® Hogfjixalski, J. Rms. Phyft. (Jhm. Hoc.^ 11)05, 37 , 70H, 

^ N(i(!laiayd:V, Her., Ji)()4, 37 , l.'tSO. ^ •• 

^ W astdeii^scht Thomiisphos'phatwe.rkc, Gcrmm Pakut, 182207 (1008), 



Tliese data permit the calculation of the decree, of dissociation 
a ” from the relation : 



A I) 
1) ’ 


wliich A is the tJieorctical density of {c.^. relati^■c to air) and D 
is tliat observed. 

Refractivity of Nitrogen Dioxide. -Since tins ^as sliows a stronjjr 
selective absorption in r(*^ions of shorter wave-len^lli, a red line at 
A (iiys A. v as ehoscMi when the density and refractivity a re l>ol h l erlneed 
to N.T.P. For NOo, (n — l) =^()*0()05087 ; for NgO^, (n -l ) = 0 00n2ib 

Dissociation of Nitrogen Tetroxide. Solid (*oionrl. ss nil roi^i n 
tetroxidc^ aj)j)arcntly consists of molecules entirely, but the 

liquid contains some NO., molecules, and the concentration of tliest* 
latter increases with rise of teni])erature and is followed by the 
dei jienin^r of colour. Thus, betwivn the temperatures of 10" to 
20" V. tlui li(iuid gradually bccoincs a dee[)cr yellow, until at the boiling- 
point (20" C.) it assumes a dislinclly orange colour. Tlu* reddish-brown 
vapour continues to show an increasing deepening of colour, until at a 
temperature of 140" C. the gas is almost black owing to its com[)lele 
dissociation into the single NOg iiiolecules : 

N./), 2NO.>. 

TIk^ following table gi\'es the [lerecaitages of \0^ mot enles pixs* at. 
at. \arying temperatures which have bec'ii calculated from llu' it nhity 
d(.‘t(‘rminatlons : aj 


— • 

— — 



l)i*n.sity (It 2 2). 

XO^ Molecule.s (per ctMit,). 

• 20-7 

70*0 

20 

00-2 

00*2 

50 Ot 

100*1 

1 [ 8*0 

70*28 

185-0 

10*2 

08*00 

140-0 

! 40*0 

100-00 


The dissociation constant of the eijuilibrrum, 


is given by 


A'20„ .:-^2N02, 


K- 


|N<S| ’ 


and the variation of this constant with temperature 
following table ^ 


TcmjKTaturc, " C. . . 0 0 18 0 404) 

Dissociation constant K . 8*000 8*710 1*110 


is given in the 

78*0 * 00*8 
0*541- 0*278 


^ C. ^ j\I. CUitlilx'i’ison, rroc. Iloij. *SV)c., (A) 89 , 881. 

“ !)(. V illo and 'J’rnosfc, loc. cii. » * 

® 8 chreber, Ztitsch. physikal, Chc.m., 18U7, 24 , 051. 



no; nitrogen: 

Fig, 18 shows these results graphically. 



Tlu' Uierrual dissociation ’ of nitrogen dioxide (XO. 2 ) into nitric 
oxide and oxygon above 150^ G. under different tenii)eratures and 
pressures lias been studied, with the followiiig results - 


Tciii]M‘nitinv, 

"C. 

tVes.siirc, mm. 

Don.sity. 

IVrc'rnia^o of NO >3 
DiHsooiafed. 

180 

71S-5 

1 -000 

.. 

LSI 

751.-0 

1-/551 

5 

270 

787-2 

1-108 

18 

tot 

7 12-5 

1-210 

50-5 

020 

1 

700-0 

! 1-000 1 

1 

1000 


The variation in the density with the pressure at one temperature, 
nainely, G. (see table below), indicates, as was to be expected, 

an increase in the dissociation witli decreasing pressures since in the 
dissociation the number of molceules deriv(^d from a. given weight of 
the gas is increased, and this tends to increases the ])ressure. The 
ex]>ressioji, which should be constant, is 

J.a2p_ 

(1 f-a)(l— a)UT’ 

When a is ex|)res.sed in terms of the densities, and the whole expression 
is di v ided by constants which are ind(‘pendent of the dissoeiatio,i, i.e. 
A and Ilf, and also of the temj)erati;rc (since tl)is is constant), the 
equilibrium constant is represented by 

(A 1))-^P 
" ill A * 

* Kioliardsoi), Tram. Chavi,. 1887, 51 , 397. 


THE OXIDES Oy NITROGEN, 
Dissociation and pressure at i-O-T® C. : ^ 


P (nun.) 
Density 

::::r () 

(1-500) 

20-8 

1-668 

98-75 

1 788 

I82«;i) 

l-8!lf 

261-87 

1-968 

a 

- 1 000 

0 -im 

0-780 

0 Ottc 

0-680 

K' 

100 

10 (J 

112 

121 

180 


IJins, under Micso eoiuliiions, tlie n;is is nearly 50 per cent, (iissoeiaied 
at a pressure of J.07-75 nun. 

y\ir. D) shows tlic (lissoeialion uF X/J, into \0., and oF XO. into 
nitric oxide and oxygen. “ 



Specific Ueiil.i nf Miro«eii. Teinmde. -Tlu; spccilicr li(‘nt al constant 
pressure of nitrogen tetroxide \ariis eonsiderahiv with temperature, 
owing to dissociation. It has been pointed ont=*'that the detcrniina- 
tions of Jtertlielot and O^ner '^ took no account oF baroiiK tric lluctua lions 
over diFfcrent ran*,^es, and furtiier, that tJie heat oF dissrieialion was 
inelnded in the speeifie heat. Tlie following table ^ gives results 
obtained by use of a constant /low method wJiieh obviated the necessity 

‘ K and Iv. NiitansDii, WiaL Anuuh n, ]8S5, 24, trit ; ISSCi, 27, 000. 

" Jiicliavdson, lor. cit. 

McPoJli.iii, J. Am^r. C/n m-. Soc., 1027, 49 , iJ 8 . 

■* IkufcJKdot and Ogicr, Ann. Ohim. Phjs.. l 8 S:i, |r»j, 30 , X. 
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6f ineasurin^^ the temperature change and also the water equivalent of 
the calorimeter : — ; • 


lViH]>{‘rat!iiv, " 

Total Heat ( Capacity. 

Heat of L)i.sso(4atioi). 

(SjH'cific lloat. 

33*73 

T20 

114*0 

11*4 

41*00 

140 

134*2 

12*0 

14*00 

154 

141*0 

12*0 

55*03 

no 

100*8 

15*2 

00*90 ; 

j 17H 

103*3 

14*7 

03*33 

! 17!» 

102*4 

10*0 

70*70 

i 1 <i8 

153*1 

1 t*9 

80*89 

IW 

120*9 

10*1 

97*51 



!>3 

75*5 

1 7*5 


These results show I hat the speeilie iieat of nitrogen tetroxidc; is 
very small compared with the Jieat of dissociation, and also that the 
value (■3, for slightly greater than V.j, for NOo. 

TJie following table gives the resiilis of a iiiiniher of observers whieli 
liavo b(‘en eolh etcd and reealeulated : — ^ 


TonijK'ra- 

l'r('ssur(*, 

I’orcontam- 

1 • 



t urn, 

111 in. Hg, 

Dissocial ioii. 

/> 


'\rl 

V 

25 

509 

19*51 

19*98 

17*92 

1*1154 

23 

304 

25*00 

1(3*90 

1 1*93 

1*1359 

23 

100 

40*54 

13 70 

11*09 

M712 

22 

218 

28*2 t 

17*19 1 

1517 

1*1330 

21 

500 

1 

11*21 

22*22 I 

1 

20*17 

1*1020 


The lieat of dissociation of gaseous nitrogen tetroxide has been given 
by various obser\'ers as - 13,000,2 -13,050,2 -12,000,3 - 13, 020, and 
-13,132'' calories respectively. 

'J'iie heat of formation of nitrogen tetroxide (containing 0 per cent, 
of iS'Ojj) from 2Ts’ f- l()=N20,„ is — 3900 calories. 

In the ease of completely dissoeiatvcl KOg tlie value is —8125 
ealorids, and with eomplolely associated NoO,, (licpiid), 2050 calories.® 

The heat of formation of liquid nitrogen tetroxide (NOg— 40 grams) 
is - 2200 calories.’^ 

TJie heat of vaporisation at 18'^ C. is —4300 calories.’ Tlic latent lieat 
:)f Tiisioii varies from - 32*2 to —37*2 calorics p(‘r gram, which corre- 
>ponds to - 2900 to —3420 calorics per mol, of N2O4. The value 

i 

' rarlitigtou and 8hilliiJ5.% The Siuxific Ilnda of (hoses (iltjaii, 11121 ). 

“ Nwari, Zeiheh. phifsiknl. 181)1, 7. 124. 

vau ’t llcjfT, VorlesiiiojrH; i, J[H)1, p. 140. 

* Oolizin.’inu, Wird. Annahn, 1881, 22, 08. 

•' Schn.'ln'r, Zeltsch. phy-siknl. (Jhem., 181)7, 24. 000. 

® Tlioinsliii, Thcrniochcriiifivhe nnk-rfuiehunyen, 11)00, p. 100. 

’ ilcrthelol, Ann, Chim. 1875, (v), 6, 145. 
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^ fealci iKe depression of the lYcezing-poiut is -3Jh7 calories ; 

i^cr granri.^ The tliernial eoiuluetivity for NO 3 at C. is 0'(M)33.2 . ' 

The thennaJ exj)ansion of li(piid niti’ogcai tet roxide is very regular,® 
as is evident from the following dala : 

Temperature, ° C. .0 5 10 15 20 

Volume . . 1 0000 1 00780 1 01573 1 02370 103100 

Molecular weight dc^terminalions in acetie acid slarw tliat liquid 
nitrogen tetroxide is not j)olymerised beyond the N^O t ]n<jleeul(\^ 

The effect of ultra-violet light on nitrogen tetroxide lias been stmiied,® 
and it is found that an increase in pressure occurs wbieli is uoi due 
to heating elTeet of the absorlxal light. This pressnn* uuM'case is due, 
firstly, to a jdiotoehemieal e<|uilibriuni in tlie system : 

Lii^ht. 

2NOo.-^2x\Od 0.; 

Dark. 

wliile in the second place there is a heating effect due to the recom- 
bination of nitric oxide and oxygen as waO as by ahsorhcul radiation. 

The refracti\'e index of gaseous nitrogen tetroxide is 1*000503 at 
30^^ C.« (See also p. 100 ). 

The spectrum of nitrogen tt‘troxid(‘ has been studied by Ihll," w'ho 
found that there w'as an increase in tin* general aiul seh etive ah^orplmn 
with rise of tem])oratnre. The eonelnsion that tlie al)sorpti(>n peetniin 
is due. entirely to NOg Jnolcenles is siij)porled by the fact that no absorp- 
tion is showm by licpiid nitrogen t(‘troxide a. few d(‘grees hi !ow' 0 " (!. 

Liquid Nitroj^en Tetroxide. As nienlioncd in the prej)aratiim, 
nitrogen tefroxide is easily Ii(juelied at atmospheric })ressurc l)y con- 
densing the gas in a, freezing mixture.^ The liquid is pile yellow' in 
colour and boils at 22 ’ 

The variation of the density of lirpiid Jiitrogen tetroxide with 
temperature is shown in the following table 

Tojn]i('rat(ir(*, ' C’, o 4 2 - I 0 IS -I k* i l.x 

Density . l-.Kkkl i r.e20 I “><)en MlKk) I ISSU M770 l-kMu 

l.’he density of liquid nilrogen tetroxide Ixtwt'en O'’ and 21*5' C. 
may he ^'presented by the equation 

D; :-l*4t)0-000215/. 

The vapour pressure of liquid nitrogen tetroxide ;tt different 
temperatures is given in t!ic Ihllowing table : 


^ Jlaiutiiiy, Zeitfsrh. jihijsikal. ( 'heni.j ISIM), 5 221. 

- JA'Iiciarii, Phnsikal. ZvlUcfi., 1905, 6, 20. 

* I'horpe, Travs. Chem. 1880, 37 , 1*1. 

* Ramsay aiul tSJiields, Trans, Cluim. Hoc., 1893, 12, 433. 

Norrisli, ihid., 1927, 131 , 701. 

" Dulong, ZcitscM.. phy<sikal. C/ton.^ 1901, 36 , 322. ^ 

’ Ball, A 7 npr. Chpin, 1885, 7, 32. Sao also llasselbta'f^, Zeiisch, unaL Chem,, IS '9, 
18, 571 ; Kiindt, Pogg. Aimaleii, 1870, 141, 157 ; (k'rne’z, Compl. read., 1872, 74. 105, 

* Gay-Lussa(;, Ann. ('hint. Phy-'i., 1810. I, 405. 

* Odds, (lazzethh 1915, 45, (i), 413. * 

Gcuthar, Annakn, 1888, 245, 90; 'llu.rpr*, 7V/n^v, Chrtn. Sor . 1880. 37, 111. 

h Pascal and Garniar, HuU. Sor. chini., 1919, (Iv), 25, 309. ^ , 

vSot^effer and Treub, Pruc. K, Afcad. W^Uinsch. AidnUrdam^ 1911, 14, 530. 



174 NITRQGBN. 


TomjKMatun', 0 . 

\':ip(nij' IVoMsnrr, 
nun. Ifjr. 

nVmjK'ratnrc. '' (!, 

Va])<nir Prossurf, 
inm. Hl?. 

-28*0 

70 

15*0 

505 

-10*0 

140 

21*15 

770 

- 0*9 

180 

27*4 

1007 

- 0*6 

250 

;39*o 

1068 

•1- 7*7 

208 

48*2 

1982 


Tht* critical temperature of uitro^ren tetroxide is 158*2° G., and tlie 
critical pressure 100 ±2 almosj)hcres.^ 

The freezin»>’-j)()iiit curve of nilro^^cn ietroxidc and Irioxidc mixtures 
is sliown in fi.i*'. 20.“ Solid tetroxide or trioxidc separat(‘s accordin<r to 



F](3. 20.— -Fr(’(‘zing-p(jint ourvo t)f iiitroucii tetnjxiik' 
ami nitroj^i-ri trioxido riiixturos. 


the richness of the mixture, and eventually a eutectic mixture separates 
at - 112° C. which has the composition 7-8 per cent. N/), and !)2*2 per 
cent. N 2^^3 (correspond in^f to (JlFG per cent. NOg and »‘16*4 ])cr cent. 
N'O). No other compound exists, therefore, between ~10°and -112° C. 

Solid Nitrogen Tetroxide. — Solid nitroLjen tetroxide (*xists in the 
Torm of colourless crystals, the nicl tin •'-point of which is given variously 
IS ^-10*1,3 -10*5/ -10*8,5 and -10*1)5.» 

The variation of the vapour pressure with the tem])craturc is given 
n the following table : — * 

^ vSehettVr and 'rreub, iVoc, K. Akad. Wcknsch. Amdcrdarn, 15, IGd. 

, 2 Zeitscli. anvrg. Ohem.j 1904, 41 , S."}. 

® Raniway, Zeitneh. phi/.nkal. Chern., 1890, 5 , 221. 

‘ Ej'erloii, Tram. Chan. >S'yc., 1914, 105, 047. 

^ VSchclTt-r an. I Tnnib, Fwr, K. Ahxd. WHemch. Armterdunij 1911, 14 , 6 IJ 0 . 

• Bruni arj/i lk*Hi, Aili li. Arcad.. lAncvi, JfXK), (v), 9 , i, 321. 




oxides' w ' m 


Teniperatuns " C. 

Vapour Pressure, 
in in. Hg. 

Tenijy rat lire 

V*^apour Pi'i'.HSuie, 

mm, Hg, 

- 30 

30-2 to 

- 70 

0-1510 

-40 

0-770 

- so 

0-03(30 

- 50 

2-440 

- 90 

0 0003 

~60 

0005 

-100 

0-0023 


The iibove values are f>litaine(l I’roin the etiiiatiiai 
lo« /r-lt-OlGfi {-/?(() ()(>0t). 

It would seem that solid nitrogen tetroxide eonsisls entirely of N^Oj 
molecules, 

Chemical Properties of Nitrogen Tetroxidc. — Nitroi^^en lelroxide 
is not iidlammablc, neither does it sup|>ort tlic eombiistion of feebly 
burinn«r sulistanees, e.^. a taper is extin, <;uished. At higher temperatures, 
however, it is a powerful oxidisim^ a^^ent, owiiii( to its deeom|)osilion 
into oxy^^en and iiitro'^en. Thus, freely burnini^ earl)on, sulphur, and 
])hosp}u)rus are converted into their oxides ; • carbon monoxide burns 
to the dioxide, and hydrogen sulphide to sulphur, wilh formation al' 
nitric oxide. Hydro,L,^en mixed with nitrogen tetroxidc, and parsed o\ cr 
platinum , 2 eoi)pcr, or nickel,’^ reduces the tetroxidc to ammonia. 

Potassium, which burns with a red llaine in N.^O,, sodium, lead, and 
mcreury are all <.)xidised to the nitrates, with formation of nitric oxide. 
Iron, cobalt, and tin, heated to 500' ('., are converted into oxid(‘S, while 
many lower metallic oxides are further oxidised at this temj)eratnr(‘ in 
the »ras. Calcium oxide yields the nit rate wheii heated to .‘K) 0 "- t 00 ' ('./ 
while barium oxide at ‘iOO'^ ('. ])r()due(‘s botli intrale and nitrite.’* 

Certain metals, such as eoppia*, nickel, and cobalt, when in (he hnely 
divided condition, absorl) both gaseous and li(jni<l nitrone]) tetroxidc, 
with the formation of unstable products, which decompose iido their 
constituents on heatint*’, and react vi^jorously wilh water. cNolvimf 
nitric oxide and leaving* a solution eontainim; nitrites and nitrati's.'* 
Tliese so-called nitro-metais '' were eunsidensl to be dermite eoin- 
pomids with formula' sueli as CuoXO^, NiiXO.,» Co.A’t).^. Iheent 
work, ^ however, with the suppose<l '' i*itio-‘ upper “ has shown it to be 
merely an adsorption complex of NO., in CU. 2 O. 'bhe amoir*' of nilr'-^im 
peroxide absorbed by tlie eoj)per is variable, and the lirs' reaction is 
the oxidation of the copper to cuprous oxide : 

2 Cu d NOo --CiuO ^ NO. 

TJie cuprous oxide then reabsorbs I he tetroxidc, produein^ a eom])lex 
X/NOg.irCugO. 

’ Duloiij^, A?in, Chlm. Pfiy.f., |2J, 2, 317. 

^ Kiihlmfinn, AfUMh n, 1839, 29, 272. 

® Sabatier ami SendertTfiH, CompL rend., HK)2, 135, 278. 

^ Schloesing, Ewjluh Patent, 22119 (1!>13). 

Jtulong, Annaien, 18(32, 18 , 122 . 

” Sabatier and Sonderens, CompL irml., 1892, 115. 239; /!/.'/?. ('him. Phif'i., 189(5. 
(vii), 7, 348. 

’ I'arJ^ington, 2Vaw.9. Clum. Soc., 1924, 125, 72, 0(33.' 



^ Cuprdus ' oxide is ‘ capable of absorbing 80 per cent, of nitrogei 
tetroxide gas, but the liquid has no visible action. 

Nitrogen telroxide resembles nitric oxide in ronning additive com- 
pounds with metallic halides. A number of such eomj)()iinds have beer 
invest igated.^ typical exampk^s of whieli are BiCIg.NOo, SnC’lj.NOg 
FeCla-NOo, iFeCia.NOg, tFelh^.NOg. 

Dry oxygen lias no action upon nitrogen tetroxide, but in the 
presence of water, oxidation to nitric acid occurs. Ozone oxidises the 
tetroxide to the pentoxide. 

Nitrogen tetroxide reacts Avith small quantities of water to produce 
nitrous and nitric acids : 

NaO.fllaO-IINOofJINOa. 

The suliseipient decomposition of tlie nitrous acid depends n])on the 
amount of Avater present. If the latter is small, then the following 
reaction occurs 

‘illNO.^NsO^+DaO. 

An excess of water, hoAvever, results in the production of nitric 
oxide and nitric acid : '•* 

8 IINO 2 ..- J 1 N03-f NO flip. 

Well-cooled liquid nitrogen peroxide added to a small quanlily of 
water jiroduees two distinct layers. The u|)per light green layer con- 
sists of nitrici acid with nitric oxide, wliile the lower d('ep bhu‘ layer is 
chielly nitrogen trioxide : 

2 N./) H 1 1 P - NgOg f 2 IINO 3 . 

If oxygen is bubbled tbrongh these two layers, the top layer becomes 
orange-yeiloAV, and eontains nitric aeid of eoiiccntration !);> (o 91) per 
cent., while tlie bottom layer consists of nitrogen tetroxi(k‘ with 5 to 
10 per cent, of nitric acid.® 

Solutions of })otassiuin and sodium hydroxides readily absorb 
nitrogen peroxide, with the formation of nitrate and nitrile. Actually, 
decomposition liy the water [iresent tirsb occurs, and the luaitralisalion 
of the nitric and nitrous acids llien follows. Some nitrous aeid, how- 
ever, always escapes neutralisation, and decomposes with evolution of 
nitric oxide. Maximum absoriition occurs Avhen the eoneeni ration of 
the alkali is about 1 -. 5 N. A IN solution absorbs to tlie same extent 
as Avater, and stronger solutions arc less (dfeetive than i)ure water.'* 
A conimcreially [lurc alkaline nitrate is produced by passing iu nitrogen 
peroxide in excess of the quantity required r neutralisation to nitrite 
and nitrate. The nitrite is conA^erted into nitrate by the nitric acid 
formed by the action of the peroxide on the water, accompanied by 
CA^olution of nitric oxide : 

NaNOg-f HNOa-NaNOg f [HNOg]. 

■Nitrogen peroxide is absorbed by aqueous solutions of sodium and 
potassium carbonates less vigoroii.sly than tlie caustic alkalies. Nitrate 

^ Thomas, Compt. reyid., 189.% 120. 4-17 ; 180% 121, 128, 204 ; 1890, 123, 443 ; 1897, 
124 Ann. Vhim. Phtju., 1898, |71, 13, 145. 

2 SavosclinikolT, Chefn. Zentr., 1900, (ii), 708; 1901, (ii), 330. 

3 i.yijleiioli, Krujliah Patent, 319 (1911). 

' ^ Wob'b, A hsorpthn of Nitrous. Oases ( Arnoy^4 923). 
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«n(l nitrite arc produced with evolution of earhon diox^ide h ss \ i porously 
than when iisino' eaustie alkalies. 

Goneeiitraled snlphurift acid ahsi)?J)s nilr(>;^<‘n peroxidi* ** witli lh(‘ 
torination of nil rosyl-siilphiirie aeid ; ^ 

N , 0 ^ ! II 2 SO , ^ XOo.SO^I I 1 n \ 0 ,. 

This reaction is ri;versihle, and proceeds IVoin ri'dit lo left with rise of 
temperature.- 

Sulphur dioxidi' and sulphur trioxide <dve a. nuinher ot complex 
snhstanees when a(*l<ai uj)on by nilroyta) peroxide' under varyin;; "on- 
ditiojis.’* 'the eomposilion ot 1 he.se' compounds ha'- iiol been eife idated, 
})ut it is staled that 1h(‘ ehiet product ot li<juid uilroia 11 tr (i*oxide and 
sulphur dioxide' is ()(S()o OXO).,, which may Ix' n 14;! re led as the’ 

anhyelriele- eel* futreesyl-sulpluirie* aeie|.=^ 

lleelli dilute' anel eoneent raled nilrie* ae'id absorb iiilroeeii peavixiele'.’ 
and the maximum amount abse>rbe‘el by I he- e'emcenl raled ae-id is t-i a 
per ee'ut. by wei^lil. 1'lus eorre-sponds to I lie' Ibrmula XoO,..Xd)j.II,,().'‘ 
Seilid nilro< 4 ('n telroxiele' anel liquiel ammonia al SO (’. reae'l with 
e‘Xj)losi\'e viole'uee. but with i»asee)us ammonia aK -20"('. a ie'ss \ ii 4 ’ore)US 
ix'aetion occurs, vith the tormation ot a number of proeliie-ts such as 
nitre)_ee‘U, nilrie oxide, wate'r, ammonium nil rite' a?iel nil rale.*’ 

Xilre)_i 4 e'ii peroxiele is a useful iiilratini^ a,i»<'nl for a larye niimlM [• of 
ejreaiiie eompeainds.^ 

Iiie|uid nilro^en pere)xide is a use'ful sobe'iit for ervoseopie* eleler- 
miualioiis of a numbe'r of oj'oanie* ceuupeamels, the* mole<‘!!|ar e le N^ation 
of tlie t)oiliui4'-jU)iut beim/ C‘. anel the moli'e'ular de pression of Hie' 

fre'e'/inui"} joint 1 1 

Constitution.- N'ariems eonstil utieeiis have been assinue'et to 
nitron'e'u ])ero\iele bolh in Ihe XO.^ aiul N^O, state's. In Xd)| both 
nilroneii ateuus may be assunu'd tee Ix' tejrx ah'oj or ejuinejue'x aleiit : 


O X O X 0 
0 


or 


O. h) 

X X ; 
0 0 


or j)e>ssil)ly each e)f the uitroye u atoms exhibits a diflVrenl xah'uey : 

(). 

N O X O. 

0 

This formula best explains the mixed anhydritle eharaeb e.f the* 
tetroxide as exhihite'd Ir. its react iem with water tei fen’m la I reins and 
nitric acids. 

Dilhenlty is cxpcricne'e’d, heiwcvrr, in the case of XO^. Here the 

• W'ebcr, Auunkn, IS(> 7 , 130,277 ; hutigi', /j/r., Is 70 , 12, 10 .’)S. 

- |jimg(‘ and \\ cial I'atil), Ziif-^ch. tnnfi ir. ('him., 12, H7. 

•'* WVImt, h>(\ rif. ; and iseU, 123. .Ti!) ; Jtasrnbai'li, ./. /milJ. ('hem., Is 71 ,»| 2 (. } ; 

l‘Vicdbiir_Lf, L'ht m. .\t ir.H^ ISS.'}, 47, . 72 . 

■' Liin^fn and Marclilcw.sky, ZiUmIi. ivhjt ii\ ('hi m.., 11M2, 25* Id. 

’ Pascal and (lariiirr, linU, Sor. rhini., lilP). ov}, 25. • 

l>t\s,scai aiul Posset, ( ’ouipl. n niL^ 142, O.'t’f. 

" Wiidand, liir., 1 1)2 1, 54 , I77e>. 

** Panisay, ZeitKch phijsiht!. tV/n//., IIMJO, 5* ? Ib'^ni aiul IVrli, eei'av.f 7 /e_ 1 ;> 00 , 3v>, 

(ii). lal ; Srankliuid and Karnicr, Trann. (.'hf'tn. Sm\, 11 ) 01 . 79 « Pt'd- 

VOL. VI. : I. t- 
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Jiitroj^fcu Mloin mmt cither be tervalent or qninqncvalent with a free 
‘■/alontn’, as in 

A) ,0 


-N< I -N< ; 




H) 


or else the lutroqiav atom most function in a qiiadrivalci\t ea])acity : ^ 

O N-O. 

In aceordanct' with the iheorics of valency stated on p. 14, the 
nitroocn atom is (piadrieovalent with one mixed bond, thus: 

O N : >(). 

Detection and Estimation— Nit roijen tetroxide can be readily 
detected by its colour, odour, action on starch iodide solution, etc. 

'riie estimation is accompanied by dilliculties which have l)cen 
mentioned in connection with nitric, oxide (p. 150). 'flic absorntion by 
a({U('ous caustic alkalies to form nitrite and nitrate may be used 
qnautitativ(‘ly : 

NoO^ I ‘iXaOII NaNO, ! NaNOo+lIaO. 

The formation of nitrosyl-sulfdiuric acid occurs by absorption in 
8a to !)5 })(T cent, sulphuric acid, and this may be estimated by titration 
with potassium perman^anab*. 


Nitrooen Pfatox f de. 

History. -Deville 2 lirst isolated this oxid(' by deeom])osiuLj silver 
nitrate with dry chlorine, ,M(ycr^ obtained it later from nitric acid by 
dehydrating^ with phosphorus pentoxide. 

Preparation. 1. Dry chlorine reacts with silver nitrate at 95' (\, 
and as soon as the action has started the mixture is cooled to .50" 
00 " P. TIh' nitrogen pentoxide evolved is separated from the oxy^a ii 
by condi’usin^f in a U-tube immersed in a freezinf^ mixture. No corks 
or rubber joints may be used owiu.i^ to the eorrosive action of the gas : ^ 

4AgN03 1 2C1, .lAgCl } 2NA 

It is also produced by tlic reaction between nitryl chloride and silver 
nitrate : 

NOgCI I AgNO^-AgCl { N,05. 

2. The most convenient method is l)y the dehyd”ation of nitric 
acid."* This is first obtained ])ure by repeated distillation with con- 
centrated sul])hurie acid, and bubbling dry air through the linal dis- 
tillate in ordiT to remove oxides of nitrogen. 200 grams of this “ white 
fuming acid ” are put into a 2-Jitre llask with a side arm at right angles 
to the neck, and 400 grams of pJiosphorus jientoxide are slowly added 
during eooling until pasty. The llask is then altiiehed by means of 

h/S (• and SVIiwcrin, //* /•,, lOOJ, 34. 1803, ; Divers. Traufi. Chem. Soc., 

1904, 84, 1 10. ‘ 

“ D<;vi]lc, Atvt. ('him. I*hyfi., 1849, (iii), 28 , 241. 

. ^ Mever, /;rr.. 1SH9, 22 , 2;i. 

^ Meyer, /or. rii. ; Diiiii<*I.s, ,/. Atrier. Chem. 1920, 42 , 11 . 21 . 
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sealing-wax to three wash-bottles, the first eoutaining glass-wool and 
phosphorus pentoxide, and the oth(U's being empty, and immersed in a 
freezing mixture of ice and salt. 'J'he flask is h(*ated on a vvater bath 
to 00”- 70" C. and a slow stream of air (di’i<‘d bv eom^entrabsl siiljiluiric 
acid) is passed through th(‘ paste. The nitrogen I'cntoxide collects in 
the wash-bottles as juslightly yellow brittle sojic, : 

2llN(),^N,()3 fILO. 

a. Nitrogen trioxide and nitrogen telroxide are both oxidised by 
ozone to nitrog(Mi [xadoxide.*^ 

I'. A mixtnrc! of nitrogen and oxygen ean be coin erted into futr(‘gen 
pentoxide by nusins of tlie silent eleetrie diseharge in tlie presence of 
ozone. 

Physical Properties. Solid nitrogen pentoxide ('xists in colour- 
less, transpanait rlioiiibie plat(‘s, melt ing-point (’.,•* and speeilie 

gravity Tin* yellow colour wln’eh develops at the meltiiig-pf>int 

indicates decomposition, and this latter is inensised on furtla'r heating : 
the oraiig<‘ Inpiid turns dark brown, with considerable evolution ol’ 
])rown fumes. Itapid lieatitig (‘aus(*s explosive deeotnposition. Nitrogen 
pentoxide vohatilises in dry air, but di'licpiesces in moist air Nvith the 
formation of nitric acid. 

TJie vajionr j)ressnr<‘s at \ ari<ais tempcTatures are as follows : 

Vapour jwessure, mm. Ilg . I a 79 f-Sg pju 7()<' 

Temperature, ” . . -15 5 -f 5 : 15 i ‘J5 i Ui-o 

These values are expressed in the (•([nation 
1 1 4 

log 1* ' 1 Io<;- 'f - S5-!)g9. 

The heats of formation are as follows : -- 

N.J 50 N.P 3 (gas) - 1,200 (Miories. 

No i 50 NoOr> (ll‘Joi(l) i g,<i00 
Noj.^O NjOi, (solid) f-ll,«‘^00 
No 1 50 : NoO,. (a(j.) i 2S,000 

The heat of eomhination wiili J moleeiue of water is 2-*>20 C’als., 
and with excess of water 10*200 ('als. Tla* (-alenlated heat of evapora 
tion is - 4*8 1'O Cats., and heat of fusion -8*280 Cals.^ 

The heats of snl)limatioit in a closed vessel below 00 C. are as 
follows : — 

Temperature, ” C. . . . —10 0 glh f-O 

Heat of sublimation (eals.) . 12,800 12,700 18.800 11,140 

The dceoinposition ^ of nitrogen [)entoxidc is a homogeneons reaction, 
i.c. it proceeds in the gas |)hnse and is independent of catalysis or wall 
effect. The dc;eoniposition proceeds according to the ( ([nation - 

^ Ht'lbig, Alii R. Accad. Linrri, U)03. 12, (i), 211 ; Zt itich. hJi ldtiH'hctn, 

- Rust; and Klirlioli, Zdlsch. Hhd'fnn'fx'oi,, 11)11, 20, 45. 

R(‘rth(dot, HhU. Soc. c/iiitK, 1874, (ii). 2i, r>;i. 

Danuds and Oti^fhl, 7. r, CVn w. ll)2a, 4 :^, 1 181, • * • 

® AA4»jto and 'I’ohman, ihid.y 1925, 47, 1249; Ifnnt ami Daniels, ihid., 1925, 47, 1(K)2. 



ISO NITROGEN, 

2N20,:=r--2NoO,fO,„ 

ni'hl is n iinimoIocMilar reaction at atl lcm])eratnrcs : 

. or, .'J.'S ir, 35 25 0 

K . 0-202 0-00 0-0200 0-00S08 0-00203 0-00001.7 

Q (cals.) 25,830 22,750 25,370 25,100 2k2IO 

The “ heat of activation/’ Q, is derivecl from tlie Arrlienius e(]uatioi 

d\o<^K_ Q 
iU "RT^* 

It is equal to tlie quantnni ofenerify required to aeti\ ate each molecule, 
nrmlti])!ie(l ])y the Avooadro number N ; 

Th(‘ reaction eonstafit remains that of a lujimoleeular reaction down 
to low pressures ; ^ 

;)(NoO,,) . 278 281 lit 51-0 0-0 0-020 1 0-00185 

k . 0-027 0-027 0-020 0-020 0-027 0-020 0-021 


The rate is rniieli the same in inert solv(‘nts su(‘h as ehlorolorm and 
<ai r 1 )on t ( 't ra e h 1 ori de . 

The deeonqmsition of nitrogen [)entoxide is retarded l.)y tin- presen(‘(' 
of ozone. ^ 

Chemical Properties.- -Nitrogen pc-ntoxide is a powerful oxidisino- 
aiyent owin<.( to its decomposition with the liberation ofoxyi^cn. Many 
substances when heab'd in it Inirn, such as carbon, phosphorus, and 
sulphur. The latter element oiva-s rise to white vapours whieli form a. 
sublimate of the composition S203(N02)2 nitrosiilphonh; anhydride. 

The ])entoxidc is a useful nitratim;- aceut for oryanie ('ornpounds, th(‘ 
reaction beinc- similar to that of a mixture of nilri(* and sulphuric acids. 

Nitric acid dissolves nitrogen ])entoxid(‘, and a dc-linile eomj)ound, 
2riN().j.\205, has been obtained which is licpiid at ordinary Icm- 
jK-raturcs btit solidifies at 5'" C. 

Suljihur Irioxide reacts with nitroi»cii pentoxide in carbon-tetra- 
chloride solution, with the formation of a crystalline pix-cipitiiti' meltini^ 
at to 128° C., which is probably (SO.J j.NoOr, : ^ 


(b 


.S0o,0.S()2.0.N02 

SO2.O.SO0.O.NO,, 


N ITKOSO-MlTltOOEN Tli fOXI DK, ( N/jO^ ) , . 

When nitric oxide is passed throui^di li(piid air or oxygen, or when air 
or oxyj^en acts on solid nitric oxide at -185° (\, a ^recn solid is produced 
which was assumed to be nilro^n*ii hexoxide, N().j or N./),.,.'* Tlie same 

’ DaiiicbiMid rjfdinstoM, ./. Akht. ('hem. Sor., 192], ^ 3 , r)!!. 

“ lau'ck, i 6 c/., 1022 , 44 , TaT. 

^ Dfuik-ls, AVulf, an<l Karn-r, ifrid., 1022,44,2402. 8r»' also Hirst, Trans, ('hon. aSW,, 

1025, 727, 057 ; ftirst an<l Kidtal, Vroc. Roi/, 1025, A 109 , 520, 

'• (!il)son, Troc, Tioff. Soe. Etfin,, lOOH, 28, 70 . 5 . 

^ Pictet and Karl, Com pi. riiai, l!]07, 145 , 288. 

5 Helhis^, Alii // vlm/rf. Lincci, 100.8, 5 , 100); Muller, ZrjVw/d, anorq. Clirm.,, 1012, 76 , 
24; 1014, 86 , 2:K». 
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oxide was eoijsidelvd to be I'onned b}^ the action of a silciit (liselairj^e ' 
tliroijgli a niixtun; of Jiitroj^cii, or iiito>^cii tciroxide and oxy;j[ei)/ Or 
by the action of an induction cnmail on a niixlurc of nitroi^Mi tciroxide 
and oxy^fcn.^ 

Tlie i);recn solid incniioncd above is nov' assumed to lx? iiilroso" 
nitroiren trioxide, ha'vinjr an eiripirieal formula and is produced 

aeeordiiif^ to tlie followam»; reaction: 

O () ‘00 

!i II ii II 

N N \ -0 () X \ -\-0 

I 

N X N O O X \ \ O 

!l i! II ii 

() o 0 () 

Tliis peroxidised polymeride of nitric oxidi; is irrc\ crsibly c(aivcrlcd 
into nitro^cfi trioxickx 

^ Ifinlolilh' iiiitl rf’nd., ISSI, 92. Si», Uil ; iSSii. 9.-J, 111 |, 

“ , . 1 ////, ('//in/, /''//y.s'., ISSI, (v), 22, 

Uiisc lir, J. A //!■(/'. (..'}/i ///,. Sue., I'.Or*, 47 , 21 13. 




CirAl‘TKJ? XI. 


NITROUS ACID. 


History. As early as 1777 it was realised thal Uure wjis more tliaii 
one ‘‘aeid of jiitre. ' Sehede ' (listiii‘»‘iiished “ phloj^islicatod acid of 
nitre ” iVom iiitrie aeid as bcin^' a weaker volatile a(*id produeed by 
tbe rednelioii of nitrie aeid. He also showed that nitre, when stron^dy 
heated, lost oxyoxn, mid left a delifpiescent salt whieh readily deeoni- 
posed into a volatile aeid when tn'ated Avith acid. Priesthy^ had 
previously deserilxd the brown bnnes jirodueed by oxidisin^^ nitrie 
oxide as nitrous aeid vapour,’' Avhile the terms “nitrous acid i^as ” 
ajid nitrous aeid ” Avere used later by .Davy and Cay-Lussae re- 
sj)eeti\'(*ly. ('onlusion of terms, hoAvever, existed, due to the fact that 
both nitric and nitrous acids Avere present, and the means of dis- 
tinguisJiing the tAvo were not available at that time. It Avas understood 
clearly, hoAvever, that there Avere tAvo distinct salts, nitrates and nitrites, 
and Cavendish ^ sIioaatxI that silver nitrile Avas precipitated when 
]H)tassiu]n nitrile Avas added to a. solution of silver nitrab'. (iay-ijjssae ^ 
AA’as the tirst to prepare nitri(t and nitrous acids by the careful oxidation 
of nitrie oxide Avit h oxy<^en in the j)resenee of Avater. 

Nitrous aeid is an unstable compound, and all the methods of 
preparation yield an a<pieous solution of the aeid. 

Preparation. 1. Nitro.i(en trioxitle, Avhich is nitrous anhy- 

dride, produces a AAxak solution i»f Jiitrous ax'id Avheii treated Avilh ice- 
cold Avater : 

i IIsO-^llNOg. 

2. Dilute hydrochloric aeid decomposes silver nitrite Avith the 
liberation of nitrous aeid : 

AgNOo i IlCl AgC I I JlNOo. 


,*J. Alkali nitrites similarly (h'eonqiose Avith dilute acids, and this 
affords a (miiA'enient laboratory method. Nitrites may be prepared by 
reducing Jiitrates Avith metals,^ or sulphitts,^’ or eleetrolytieally ; ’ also 
by absorption of nitn)gen trioxide by alkalies.'^ 

‘1. Oxidation of ammonia Avith hydrogen ])eroxid(! produces nitrous 
aeid, l)ut tiiere is always some amnioiiium nitrite prctsAUit in the 


solution : 


Nllg-f ;3n2()2--HN02 i 4H.p. 


^ Sclu'clf, Tnali.sr on and Fire, (1777) ^ Aldnhic Ciuh Ft pt inis. Vlll, 20. 
I’ricslJcy, Frpurinu'nt’i on Aity 1774, I, I10-l!a. 

(’avendish, Ah nihit' (Aub RaprinlSy .III, 40. 

^ (.Jay-Iiussao, Ann. Chim.y 1810, I, J199. 

^ Fotpj. A nmkn, 1848, 74 , 115. 

e Inlaid, liuli Soc. dilni.y 1877, [21, 27, l.ll ; la* Jtoy, Campl. rnul,, 1880, 108, 1251. 
’ AliiJlci' and kS})itzcr, Zeil-^ch. Elrkirochan., 1905, li, 917. 

^ OiviTri, Trans. dht:,m. ISoc., 1809, 75 , 85. 

* Weitti and \V>jbur, Ber.y 1874, 7,1745 ; lJnj)|)c and Meykr, ibid., 1883, 16 , fOlO. 
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5 , Nitric oxide passed into nitric acid reduces the latter to nitrous 
acid : 

HNO3+2NO { ILp-JillNOa. 

Physical Properties of Nitrous Acid. I'lio aqueous solution ol; 
nitrous acid is blue yi colour, which quickly fades with evolution of 
brown fumes, leaving a solution containing only nitric acid ; 

;aiN() 2 ^- UNO, I 2 N() fiuo. 

• 

TJie decomposition of nitrous acid is uiiiiuoh cMilar, and the slvoiigest 
solution w^hich can b(‘ obtaine d at 0 ’ C. is ()-lS5N, prepared (Vuin the 
dcconi])osition of barium nitrite with dilute sulphuric acid.^ 

Tli<* a([HCOus solution is mor(‘ stable avIu'U kc|)t at low tem[)(‘i‘atnres 
and small concentration, and also w'hcn imdcr })r(‘ssurc of nitric oxide. 
The decomposition of a cold dilute solution follows the reaction 

I 2 NO i I[,(), 

whereas stronger sohitions at higher tc'nijx'ral.uivs decompose according 
to the c(jnations ^ 

2IINO2 II,()^N() f NO. I 

Otlu'r ra(*tors also inllncnc<* tlu' decomposition, such as agitation, 
surface area, and j)rcsciu‘(‘ of nil ric acid. ^1 ’Ik- dceomposilioii of nilroiis 
acid in dilntc aci(l solutions has been stndical.’ 

The heat of formation of nitrons acid is as follows : '* 

X.O.j, Aq. -(1,820 caloru's. 

11 “ Aep 30,770 

2 X 0 , O/Arp 3(;,330 „ 

II, XO, (), A<{. 52,31.') 

No, 21120 71,770 ,, (product as X IJ , NO.) 

Heat of solnt ion • 1,700 ,, 

The decomposition of nitrous acid in dilute s(>luti(m is attended with 
the absorption of 18- 1 Cals.’’ 

The heat of neutralisation with ammonia is 0-100 Cals., and with 
barium byciroxidc 10-000 Cals."^ 

The ^’clocily constant of de<’()mpositiou is 0-0001 1 at O ' C., 0-00022 
at 21^' C., and i) 00057 at 40 ' 

The dissociation constant at O’ C. is 0x10 aiat the caicniated 
mobility of the XO^ ion is 04-5, tiiai <lclernrncd fron. AgXO., being 
03,^ and from J?a(N() 2 )v 01-7.’“ 

The electrical eondnctivitics at 25 ’ C. for dilutions of 512, 1021, ajul 
1530 are 150-7, 180-0, and 217-0 respectively.*’* 

^ ttay, Itoy, .uid (Jho.sh, Trnus. C/wnt,. .SV/i., 1017, III, 413. 

- Velcy, Proc. Hoi/. Sor.., 1H1>3, 52, 27, ot. , 

^ 8a]josi'bnik(ilT, Cfuon-. Ztnir., lOOtS, (ii), 1.3.30. So> also WU-y, Cfn m. Siu-., 1017. 

Ill, 415; Knox an<l ttckl. AW. Uhrm. lud., JOlO, 28, l05T ; Orinor aiul l>in-aii(l, 
CotnpL rend., 10J2, 155, 1405. • 

* KU-inoiic and Oollak, 'AdUch. ofn/dhd. Chem., 1022, loi, 150. 

® ’rhonisen. Her., 1870, 12, 201)2. 

” Jli-iiirr and Durand, loe. rit. 

^ Bartlu'lot, Ann. (dnm. Pli !/'<., iS75, (v), 6, 145. 

* Pick, Dui^p.rtnHon, lin dan, 1000. 

” Vogc4. ZeiUch. ononj. Cfiem-., 11KJ3, 35, 3S.j. 

. 8clftnnami, Ikr., 1000, 33, 527. 



m NITROGEN. 

Chemical Properties of Nitrous Acid. Nilnuis acid functions 
JkjIIi as a rcducin^^ and an oxidisirij^ aj^cnt. Thus all Uu^ ordinary 
oxidising’ agents, such as hydroircn ])croxidc. jKrnian^anatcs, clironmlcs, 
ozone, bromine water, arc reduced and nitric acid is.thc product: 


llXOa 1 0.^11X03. 


Qji tlie otlur hand, many reducini*' ai»cnls are oxitlised, the primary 
decomposition being: 

l>llXOo- ‘2X0 f 0 1 HoO. 

Stannous cliloride is converted into stannic chloride, sulphuretted 
h^^drogen into suljduir, sulphur dioxide int(» sul])hur trioxide. lodin(‘ 
is liberated from potassium iodide, 

‘2KI i UNO, -‘2K01I ! ‘2X0 j U, 

or in acid solution, 

•2111 4 HXOo -*21120 ! -2X0 { la, 

and this reacli(jn is {is(‘d in the detection of nitrous acid. Many organic 
colouring matters are bleached ))y a j)roecss of oxidation, e.g. indigo, 
litmus, and methyl orange. 

A large number of secondary dceojnposition products of the reduc- 
tion of nitrous acid include nitrous oxide, hy[>onitrous acid, hydroxyl- 
amine, nitrogen, and ammonia. Orea and nitrous acid react to give 
hitrogen and carbon dioxide : 

COlXiU). h^IINOo : 2Xo4 (’0, r»lIU0. 

The interaction of hydrazine and nitrous acid seems to bo of 
a complex nature, and the following ecjuations have be(‘n given to 
represent tlie reactions: - 

Xollri llXOo -NoO l-NIljj-f ‘ 

XMh i-2llX0o- X“() I Xg-i tMloO.i 

Azoiniide and nitrous acid yield nitrous oxide and nilrogen : “ 


N3II I IIXO. XA) I No i 11 A). 

Concentrated sulpliuricacid forms nit rosy] -sulphuric acid wi( h nitrous 
acid (or the anhvdride, 

/Oil 

iixo.. 1I0SO1-. -so.,/. i iioO. 

“ M)XO 


Sulphurous acid shaken with nitrous acid yields hydroxylainine- 
disul])honic acid : 

llXCta-i ‘2110^,..— On.X.(SO/)lI)2 M 

(vSee also p. lOS.) 

There is Jio action In tween nitriles and normal sulphites, but with 
acid sulphites various salts of hydroxylamine-sul[)honic acids are 
produced.^ 

1 I’mjjckc, //»/., 1905, 38 , 4 1(»2. 

Olivni and .Maiidala, ('mzzdUiy J92i, 5), i, 188 ; ii, 201. 

^ and '/'runs. (Jh m. 1891, 65 , 523, 

* Ncc undiT Mydrnxytiuiijac, [). 107. 
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Constitution of Nitrous Acid. Nitrous acid rcsfinhUs nitric acid- 
innsiimcli as it shows two kijids of ahsorpLion s])(‘ctra. Tlicrc^ is prob,- 
ably an ecpiilibriuni bclwcrn two taulonicric forms: 


[NO,lfI 


and 


^00 j- 


TJiiis silver nitrite appears to exist in two forms, one an iojiisable 


salt, INO^lAi*', and the other a. nomeleetrolyte, j N'oy 
aec^amt for the fact tbat (Ik^ product of the reaction betwi'cn A^NO., 

an ester the hvdrolysi:; oi‘ whieh 




and CIIjjI is metliyl jfitrile, j | 

shows that the methyl jL»ronp is atlaelical to ihi' oxygen atom; and 
also of nit ro-niethane, INO^It’ll.,, a. nit ro-parallin the reduel ion of 
whieh shows that th(‘ methyl ,i»touj) is attached to the nitroo-en atom. 

'I'Ik' modern \aleney lln'ory repr<‘s(“nts the tantomerism of nitrons 
acid and nitrites as due to the shit‘l of lh(‘ hvdroi»:en atom from oxygen 

^ NO-., iir. -IINo’; 


or, adoptini^^ tla^ theory of the enl)ie arranifemcrit of octets (see p. Id) : 

II 

: : N : O or 0 : : N : () : 

ii 


Detection and Estimation, The lilx'ration of iodjiu* IVoni poias- 
sinm iodide, wliieh i*i^es a. blue colour in the presence of starch, is a 
delicate but not eharaeteristie lest (dr nitrous acid or nitril('s in acid 
solution. 

Metaphenylene diamine in hydro(*hlorie acid prouuees a, brown 
colour. A \'ery sensitive reaucnl is an acetic acid solutioji of sulj>hanilie 
acid and /^l“Ua})l)lhylamine ((rri(‘ss Ilos\ a\ rea.u[ent), whieli yives a pink 
colour with nitrites, sensitive to I part per million of wah r. 

1. 'Idle, estimation of nitrites and nitrous aei<l may be carried out by 
dinet titration with standard j)olassium permani^anate. The solid ion 
is run from a. burette into a standard solntion of ])ermani^ajiatr until 1 lu; 
colour is just diseiiar^ed. 

A niodiheatioii of this method ‘ is to add a known excess of si ‘uuiard 
])erman.i,emate solution to the nitrit(', a.eidiiy with sulphune acid, 
iil)erale iodine by addin;.;- potassium iodide, and titrati’ with si’dium 
thie)sulphaf e, which Ljbes tlie unused permani^anate. 

2. The liberation of iodine fnnn potassium iodide by nitrites nuyv 
be used directly, and I he iodine estimated with thiosulphalix The 
solution should be alhiwed to stand for two minutes belbre titration 
with the thiosul|)hate, otherwise hi;,d! results are obtained. 

S. A Jiitrometer met hod “ of estimation may be used when presence 
of organic acids rules out the permaiyi»anate metliod. The nitri(! oxide 
evolved is directly jueasured, hut the reaction requires the ])reseiice of 
potassium ferroeyanidc, and also of one organic aeiil such as acetic, 
tartaric, citric, or oxalic : 

K4Fe(CN)o-j-KN()o+‘2Cll3C()011 

K^FcCCN),, t ‘dCll.i’OOlv i NO I IbA). 

1 Ilajicljig, JJer., 38 , .'}UII. ' Madrrn.i juul ^'olToMi, ({azztJlu, lli07, 37 , (i), 595 
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Two factors likely to cause errors in this method are the solubility of 
the nitric oxide in the aqueous solution, and the vapour pressure of the 
acetic acid. 

1. Anioii^’ other methods which have becai proposed is the de- 
composition of nitrites by hydrazine sulphate and measuring the volume 
of nitrogen, two- thirds of which is du(^ to nitrite ; ^ also the reaction 
witJi hydroxyJamine hydrochloride and titration ^vith sodium hydroxide 
before and after tlie reaction.'^ 

The reaction with azoimide, yielding nitrogen and nitrous oxid<% is 
also (juantitativc in dilute solution, and is used in the estimation of 
nitrites.^ ^Nitrites may be determined gravimetrieally by a reaction 
with an excess of silver bromate and acetic acid. The nitrous ac^id 
forms an e(|ui\'alent ajnount of silver bromide by reduction.*^ 

^ Doy and Son, 'At iinch. nnonj. Chun., 1911, 171 , 

- Sanin, ./. Rusk. Rhys. ('hem. Roc., 1909, 41 , 791. 

•* Sominor and PinoaH, Her., 191;'), 48 , 1S.'19, 1999. 

‘ Busvold, (Jhem. Zeit., 1914, 38 , o; 1919, 39 , 219. 
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NITRIC acid/ 

History. Nitric- acid was one ol'tlie earliest nilro^neji CffOipuunds to be 

used, as it was known to tlie Iv_»y|)tiaiis. Its prepa ratio] i was first de- 
scrilxal liy (teber in a.]>. 778, who obtained it t>y distilling a mixture of 
nitre, blm- vitriol, and alum. In the thirtci-nth century laillius |>rc- 
pared it from nitre and iron sulphate, while Glauber in ih!8 showed 
its jiroduetion from nit re and oil of vitriol. Known under sneh names 
as aijua-fortis,” “sjiiritus nitri aeidus,” and '\s))iritns nitri finnans 
Glaubi-ri,*’ it was largely used tiy tin- alchemists for tiie sejiaration of 
silver and gold. Mayowmn TGOl) was the first to propound a theory as 
to its eonijKcsilion, as he recognised that tlie same substance was [in siait 
in nitre as in tlu; air w hich sui>ported eomlaistion, namely, dephlogisti- 
eated air (oxygen). In 1770 Lavoisier* showed that oxygen was a 
d( linite eoiislitnent of nitric^ acid, although he was unabh' to show how' 
it w'as combined with the other eonslitucnts. Cavendish “ in 178 1 
showed that nitric acid was produC(‘il by passing elect ric sriarks thiongh 
a inixlure of nitrogi n and oxygen, and al)ont the same tinu- it was proved 
by Lavoisii-r and Priestley that it consisted only of nitrogen, oxygen, 
and w’ater. 

Occurrence, Free nitric acid is only found in nature in small 
amounts, ehielly in rain-water, where it has bee n proitueed l\v elei-trii-al 
discharges in tlie atmosjihcre. Ni-ntralisation of re.in-w'aler occurs by 
means of soil bases Avith the Ibrmalion of nitrates, ajid this salt pro- 
duction is also the result of free nitric-aeid formation by the oxidation 
of nitrogenous organic matler.-'* 

Preparation. 1, 'the laboratory method for jireparing nitric acid 
is to distil dry jiotassium nitrate with an e<jual weight of eoneenlrated 
snlphnrie acid in a retort, and to eolleet the ndrie acid in a weli-v ooled 
llask : 

KN().J j n.>S(), KHSOi 4 lINCK. 

• 

The distillation is carried out at as low' a lenijicratiirc as possible, and 
tile product is of a liisfaetly yellow colour owing to the presence of 
tlitrogen peroxide. Ihirilieation may be effeided l)y redistilling with an 
equal volume of eoueeiitrated sulphuric acid, ami blowing a current of 
air through this distillate, which has been gently warmetl. , 

*2. Combination of nitrogen and oxygen by passing through the 
electric arc, and absorbing tlie oxides of nitrogen in water.'* 

3. Oxidation of ammonia by means of a catalyst.^ 

* Lavoi.si('r, (Kiirn-'f, ii, 22li. 

“ Ciivonrlisli, Phil, 1 10; ITS,"), 372. 

‘‘ St'o p. 23, 

* S(.! Kixjitioii of Milrogen -Alt; ]>rcu.ft4H. 

8(‘o Fixation of Nitrogen — Oxidation ot ainnionia. 
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Nit ric acid is obtained by a luiiiiber of otiu'r reactiotis wJiicli can 
scarcely be called methods of preparation : 

{a) I,hirJiin;^‘ hydro^a^n in air. 

(b) Passing- elt ctric sparks tJirou^di moist air. 

(c) Action of silent electric diseliar^e oji a mixture of iiitro<^en and 

oxy^a ii in the presence of water. 

MAXT'FACTiniE OF Nmuc Acid from Sodium Nitkate. 

Tlie decomj)osition of sodium nitrate (C'liili saUpetre) still remains 
one of the most important proc(\sses for the manufacture of nitric acid. 
The complete reaction shown by the equation 

2XaX03+ll2S(), .:--Na2S0,i i 2I IXO3 

is not carried out in practice for a number of reasons. The liii>li tiau- 
perature nec'cssary for tlu* reaction (!>() 0 '’ ('.) in\’o]\es hiiLjh fuel eon- 
sum[)tion, ('xeessi\ (“ wear and tear of [)lant, and (lecomj)osition of nitric 
acid, which causes the product to be dilute, and to conlaiti a hij^h 
[)ercentage of nitrous acid, according to tiie foiIo\vino' reactions : - 

111X03-211.0 1 4XO2 10 .; 

2 I IXO 3 - 11 .O f XOo i XO I 0. ; 

ILX) + 21X02-11X034-11X02. 

Further, it \vould not be possible to rcjuove the residual sodium sulpiiate 
at all readily from the retort owin^’ to its hi^^h melliijo-point (.S(>0 ' C.), 
In coJisequencc, nearly (.hadjle the quantity of sul])huric acid is used, 

XaXOa-j- 11 2SO, - :XanS04 i HXO.,, 

as the reaction represented by the above ecpjation proceeds at a re- 
latively low tem])crature ( 200 '' C.), and the residual sodiiuii bisulphatc 
(nitre cake) can be run off from the retort. 

The plant consists of a rc^torl, condejiser, receiver, and absorbing 
system for the oxides of nitnjgcn. 

Retort.- This is a large east-iron cylindrical ncsscI. .Vs a typical 
examjde the >\ all ham retort may be mentioned, which has a cubical 
capacity of about ;J 50 cubic feet, is 8 Icet 0 inches by o feet !) inches, and 
takes a charge of Uvo tons of sodiinn nitrate. The quantity and concen- 
tration of sulphuric acid deja-Jid upon the dryness of the nitrate, the pro- 
portions l)eing approximately 85 of Jiitratc: to 80 of acid. I'he retort 
IS surrounded by^ brickwork 18 inches tliick, and is lired by coal, coke, 
oil, or gas. Whatever fuel is used, tlie Ihu's arc so arranged that the 
hot gases circulate round the retort so as to produce even heating. 

Condensing System. The vapours I'rom the retort are conducted 
through a silicon iron or fused silica pipe to the condensers. The con- 
duit pipe is made of as simple form as possible in order to provide an 
easy How. Various forms of condensers arc in use at the present time, 
and sonic characteristics of these will be given. 

Gutiiuann Cu/a/cn.ytT.— This condenser consists of perpendicular pipes 
coohd in water, and was in extensive use at one lime. Owing to high 
working costs and general iidlcxibiiity^ of the plant, however, this 
systcip is not used much in modern practice. 

Hart Condamr.— 'nw. outstanding feature of this system is the 
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(‘nijnoy merit of tulles fitted iietweeii staridiirds of pottery or 

siti(t)ir iron. TJie tnlM's, 0 feet loni»- and I } inelies (Enolisli) or .‘^'inelies 
(American) dianieler, are slij^ddiy inelined to tiie liori/ontal, and are 
cooled by water trickling over tlie <adslde. f]xc(‘jlejit eondci^atioii is 
effected and tlic proi^ress of distilJiition can ] ' watclicd ,• I'nrtlK^r, 
broken tubes can Ik* re^jlaced without interruptia; tlie o[KTatiou. On 
the other hand, tlie system is of an intricate nature, and its maintenance 
is expensive' owin,*^^ to the hir^e number of joint .s. 

('o)t(lcu.srr. This system dilTcrt rroni all others inasmuch 
as it works under reduced pressure'. The cliie'f eondensatie)n taki's 
place in e'oils totally immerseel in Avater, but some condensatinn also 
occurs in air-cooleel Woulff’s bottles, which ael as reeei\'‘rs. /vll joinis 
haA'^e* to lie careliilly watclu'd owim^' to the reduced pn ssure oJ‘ I la' 
dist.illalion, conscejucntly hi^h labour ce)sls are itnolved, 

llougit Condenser. -Condensation of the' hot vapours is effeeled by 
passin^f through a serie-s of double U-tubes (‘onlained in a re-el anynlar 
box and eooh-d liy water. Acid-resistini*' iron is used, and this e'onek nser 
is both compae*! and cflieie'iit. 

S-jjLjH' C'ondenser. Moehrii practice favours a relatively simple, type 
of air-e*oole‘d coneh-nser in tlie form of a serie-s of S-be nds. Fused silie'a 
ware or silicon iron is used, and one advantae;(‘ seems that such a type 
reejuire's but little attention. 

Receivers. These- vesse-ls are made of various materials (lepemb 
in<jf on the streiiL^th of acid to be collected and other conditions but 
earthenware sc'cms to lx* the only really safe material. Funie-liLilil Ijie^ 
hav(‘ lo be. lilted, and of course pro\'ision has to b(' made lor con\: \ ii;:4 
fumes into the absoi’ption system. 

Absorbers. An (‘Iheient absorbing system is inijieral i\ i‘ly recjuired, 
as often as much as 10 pc-r cent, of the oia^inal nilroyeii (onb-nt of tlie 
sodium nitrat<' jaisses thronyh the condensers as nitroyt'ii p('n»xide, 
NOo. Xilrie o.xidi*, NO, nitrosyl chloride, XOfF chlorine, nitib' acid 
vapour and water-vapour an- also |)rc'.s('nt. AbsiU’idin'i of nitro^i'n 
p(‘roxid(' in water jiroceeds aceemliny to lh<‘ efjuation 

(1) ;3X().> [ : Xf). 

This nitric oxide, toiJiether with that [iroduced duriny the distillation, 
lias to ))c oxidised to the [icroxide aaain : 

(2) 2X0 I O.3.-2XO,; 

which means that an adequate air su|)t)ly must be iutrodaa.'d iiilo the 
absorbin^^^ systems. Two furHn'r points of yreat unporlanee are the 
retardiiiii' of llu- absorption of iiitro«»<'U peroxide Iw tlie pi\seue(' of 
nitric oxide ((■([nation (1 ; is n'vcrsibic). and also the I act that reaction 
(2) requires ajiprcciatilc time for completion. 

The fume main Ironi the condensers and receivers enters at the 
bottom (.if one of a scries of towa-rs, and the nitrons yases are pum[)(.hl 
to the t()[), meetiiii^' a stnaini of Aval er. 'riie tower is tilled with (|uart/. 
packing, so as to jirovidc as large a surface as possible for absorption by 
tlie Avatcr. Tlu' dilute nilrie acid thus jirodneed is jiiimped to tlie t«>p 
of the next tower, Avliilc tlic gas('s ari' led in at the bottom, and the 
absorption and oxidation arc ic[)ealcd. The strongest acid oblainalilc 
is 60 per cent., and Avlien this concentration is reached, the acid is drawm 
off and t]ic nbsorlitioii cycle continued Avith l>csh Avatcr.^ 



Concentration.— The strength of the nitric acid coJIcctect in the 
receivers deiJCnds upon the dryness of the sodium nitrate and the 
concentration of the sulphuric acid. It is }K)ssible to obtain nitrio^ 
acid of &i\ average strength of 90 per cent, by using dry nitrate and 
sulphuric acid of 90 to 91 per cent, coucent ration. The total yield of 
nitric acid is smaller, however, as the nitre cake retains some of the 
nitrogen compounds, and the resulting acid has a liigli nitrous acid 
content. A greater amount of nitric acid of average strength of 80 
j)(T cent, is obtained by using wet nitrate (2 to 2 5 per cent, water 
content) and Glover sulphuric acid (78 },?r cent. 112804 content). 
Nitric acid of 99-() per cent, concentration is obtained by distilling 
weaker acid with concentrated sulphuric acid. The retort, siali as is 
used in the mamilacture, can be used as a still, and coiKiensing and 
absorbing systems similar to tliosc doscrib(‘d above are used in ccai- 
jimclioii with the distillation, which is carried out at about 195^' C. 
Acids ranging in eon central ions from 100 pta* cent, downwards may lie 
obtained liy running off from the receivers at various stages. 

A process of bleaching ” is generally employed to remove nitrous 
acid in the form of oxides of nitrogen . from tlu^ eonimercial acid. 
Generally tliis is brought about by blowing a stream of hot (ur through 
the a(nd, although in some plants the bleaching process is ineor[)orated 
with the condensing operation, so that the distillate encounters tJie hot 
retort gases on the counter-current jirinciple, with the result that not 
more than 1 per cent, of nitrous acid remains. 

Gommereia^ nitric acid contains as impnritics hy(lroehlori(! acid, 
sulphuric acid, iotliiic, iron salts, and nitrogen peroxide. The hydro- 
chloric acid is derived from the chloriiies present in the nitrate (()'5 
})cr ee!it.), and a certain amount is oxidised to chlorine by tli(‘ nitric 
acid, as well as to iiitrosyl chloride, NO('l. Trac.'cs of sulphuric acid are 
carri(.‘d o\er from I he rctorl, and the iodate in the nitrat(^ is res|>onsibl(^ 
for the small amounts of iodine. The iron salts, of course, are derived 
from the apparatus. 

Physical Properties of Nitric Acid.- -Pun; nitric acid only ('xists 
at - W C. ill the form of snow-white crystals, which deeomjiosi; slightly 
on licpiefying, into nitrogen pimtoxide, N2O5, and water. Passing a 
current of dry air through this liquid removes the NoOr,, and leaves a 
colourless liquid with a 98-97 jier cent, content of nitrii; aeid.^ 

Distillation of concentrated nitric acid with concentrated sulphuric 
acid in an atmosphere of carbon dioxide gives a product containing 
98 to 99 |)er cent. IINOj. Nitric acid containing 99*8 per cent. IINO3 
; is slightly yellow, with a pungent smeU, and fuiiKs strongly in air.‘^ 

A study of the freezing-point curves (see lig. 20) sllo^/s two maxima, 
and Pickering isolatc-d two crystalline hydrates corresponding to 
IINO3.8H2O at 18° ('., and IINT)^.!!./) at ;3G-8° C. Kiister and 
Kremann * give these two maxima as C. and 88° C. 

lloseoe '" gave tlu* boiling-|)oint of the purest li(|nid nitric acid niider 
atmospheric ])rt;ssure as 80° C., but slight decomposition begins below 
this tcmjicraturc. 

‘ KusU'f and Munch, Zcitsch. anory. Chptn.., 1905, 43 , 9.50 -‘155. 

Aston and JlarnH.ay, Trans. Chnn. Sac., I SO I, 65 , 1(>0. 

■' J*i(;Jicring, ihid.y 1893, 63 , 430. xVIho st-o p. 190. 

Kn-niann, Zcilsch. nnorg. Cheni.y 1904, 41 , 22. 

^ Koscoc, Trans. Cfihn. Soc., 1801, 13 , 140. 
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'Creighton and Gitliens^ have determined tlie boiling-poinU of hitric 
aefd of 09-70 per cent, purity under different pressures, which are given 
in the following table : 


ProsHuie, nun. Hg. 

Bojling- jxnnt , (\ 

IVcKsuiv, inni, ifg. 

Builing-priint, (’. 


22*1 

i^oo 

57-1 

^ 51 

24 5 

8 10 

02-1 

f)0 

20-2 

800 

08- 1 

00 

81-7 

■ws 

! 08-5 

110 

85-0 

500 

72-7 

125 

8H-5 

580 , 

77-2 

208 

10-0 

075 : 

82-5 

250 1 

58-5 

i 

j 



An a(pic()us solution of constant boili])g-point ( C.) is obtained 

when any solution of nitric acid is distilled. A eoneentrated solution 
will give a distillate of decreasing nitric acid content until, unfl<T 
atmospheric pressure, the residue has a eon(.*entration of 08 per (amt. 
Similarly, a dilute solution will eventually rea(di the same concentration, 
when it will boil unchanged. The density of this constant boiling solu- 
tion is 1- 41 1 at 15-5^ C., and Koseoe hmnd that the composition vari'd 
with pressure, which indicates that this constant boiling solution is not 
a definite hydrate of nitric aeid.“ 

The vapour pressures of solutions of nitric acid of diffi-n nt con- 
centrations and at different temperatures have be(‘n tlctermimal by 
Creighton and (iitluais ^ and Saposeliiiilvoff.® ncfereii(‘e has already 
been made to t he necessity of keeping the teirijKTature as low as ])ossible 
during the preparation of nitric acid from sodium nitrale and snlphnric 
acid. The thermal decomposition of nitric acid is shown in Hie following 
table: 


Trill [H.’ratuie, ’ (\ 

I’cmndagc 
I)<T'()mp( i.sitinii. 

Ti-nux-raturo, 0. 

P(‘rwrit.agr 
l)('f!i>nij)osit lull. 

86 

0-53 

190 

40-84 

100 

11-77’ 

220 

72-07 

180 

18-79 

250 

98-08 

100 

28-00 

250 

100-00 


The following tabhd shows the variation of density with conccaitra- 
tion of aqueous solutions of nitric acid : 


' Civighton and Citlu^ns, J. Franklin Inst., 11)15, 179 , MIL 
Uoscoo, Trans. Chem. So<\. 1S<>1, 13 , 140. 

® Haposchnikoff, Zeitsch. phtfsihil. (Item., 190.5, 53 * 225. 

* Pariu^ fkr., 1871, 4 , 828. 

, ^ buagti and Hey, Zt itself, amjew. (Jhnn,, liloi, 4 , 105. 
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DENSITIES AND PERCENTAGES OF NITRIC ACID.* 


Density. 

IIND,. 

1 tensity. 

Percent aifc 
UNO.,.' 

Density. 

Pf'nif'nlap* 

UNO:,. 

1*000 

0 10 

J.IOO 

17*11 

I -000 

17-10 „ 

1 OOo 

1*00 

M20 , 

20*20 

1 *0.50 

55 *7^# 

1010 

1-00 

M to 

2;b01 

MOO 

(i5*.00 

1 *020 : 

.‘b70 

M<i<) 1 

20*00 

1 * 1.50 

77*28 

1 -(KIO 

o-ra) 

l-l.SO 

2!) OS 

1*17:5 

81*15 

1*010 1 

7*20 

l-L'OO I 

.02 0() 

1 *;500 

0 1*0!) 

1 *000 

loos 

1 i 

00*82 

1*520 

00*07 

1-080- j 

Kbor, 






T'lu* cllVct of (lissf>l\ inif peroxide in nitric neid is to r;nse 

the density, and the lahle below ^ nives the increase in density of nitric 
acid, 1)'; 

INFLUENCE OF NITROGEN PEROXIDE ON 
NITRIC ACID. 




Peiet'lita^e. 

N,0,. 

[IND3, ln< reas<‘ in 

I >ensity. 

Percentage 

\,D, 

ll.XO.j, lnereiis(' in 
Density. 

0-.5 

0*00075 

0*0 

0*00050 

1*0 

0*00000 

7*0 

o*od;5o 

2*0 

0*010,50 

8*0 

0*05025 

0*0 i 

O-OISOO 

10*0 i 

O'OtiOOO 

1*0 j 

0*02525 

12*0 

0*078:50 

5*0 

000225 

I 



The averao’c increase* in density [kt cent, froni 1 to i> per cent, of 
nitroj^a-n perejxide is ()-()()5S5, and from i5 to 12 j)er cent, is O-OOtiOt). 

'I’hc average increase in density from J to 5 per cent, of nitro^oi 
peroxide on nitric acid D'J 1-5120'-^ and D’J 1 is O-OtKla per 

1 per cent, nitro^^en j)eroxide, and from ,'5 to 20 per cent, of nitrogen 
pert)xidc is ()•()() to per 1 per cent, nitroj^en peroxide. 

Pascal ami (iarnier - found that the maximum weii^dit of nitrogen 
peroxide dissolved was 42*0 t)er cent., which (rornsponds to a hydrate 
of the formula N 205 .X./),j.Il 20 , whieli was stable below tS-5'' C. 

C’ontractioii in volume occurs wh(‘n nitric acid ami water are mixed, 

’ Liin<re uikI AlarchJowski, Zeilnrh. ntvjcir, dhem.y IS92, 5, 10, 9110. 
r. - Piiscal jind (tarnicr, Jinll. XW. rhini., 1019, 25, 900. ^ 

3 Bi)nHtickl, Trans. Chhn. Son., 1010, 115, 48. 



to the ratio 


— — -1-.- I.- 

■ . ■ 'I’he fol lowi I r<,y table ^ gives the oentractibns for varwiis cbncewtra- 
g^tions of nitric aeid ; • ' 


■Percentage 

HNO 3 . 


it)-37 

25-50 

30-17 

33-87 

42-40 

52-80 

00-00 


Touipera- • 
tiire, ” 

Contraction. 

Pcrcontago 

HNO 3 . 

PenqK'ra- 
tnn% C. 

Contraction. 

14-2 

0-03685 

.65-80* 

14-2 

0-06104 

>» 

004650 

78-22 

jj 

O-o-tsaS:.; 

24-2 

0-05171 

87-00 


o tmoif ^ 


0-0.5571 

92-34 


o-oioao : 

14-2 

0-06600 

95-62 


0-00672 ' 

?9 ' 

0-07040 

0-06592 

99-97 


O'OOOOS ' 


Tlie heats of Ibrination liave been (letcrinined by lierthclot : 

Il f N • i-Oj (gas) +34,000 calories; 

dlNOjj (liquid) 41 . 1,000 
-- lINO;i (solid) f 42,200 
=- IlNO;{ (solution) 1-48,800 „ 


The \'aln<\s o))l:ained by Tlionisen ^ arc : 


il l N (liquid) +41,010 calories. 

- M N 0 3 (solid ioi ) ) + 40, 090 , , 

NO f O2+II- IINO3 r03,18r) „ 

NO, f 04 II -UNO. 4 40,735 „ 

UNgOj t O.+Hal- IINO., +42,935 „ 


The molecular heat of fusion ^ COl calories.^ 
'fhe molecular heat of evaporation ^ 7250 ,, 


v} ’ The following table gives tlie values of the heat of solution in Cals, 
fas determined by Thomsen and Ilertheloi,” wlien 1 gram molecule ol 
Qtttnc acid is dissolved in n gram molecules of water : 


JSb. of molecules 


|::-ofH20 . . 

0-5 

1 

1-5 

3 

2-5 

3 

4 

5 

0 

;®|ibmsen, 18" C. 

2-00 

3-29 

4-16 


5-27 

.5-71 


6-66 


J^^thelot, 10' C. 
INof of molecules 

2-()3 

3-34 

4-16 

4-86 


5*76 

6-39 

(1-76 

0-98 

iS^..HaO . . 

pjiiom 

S 

10 

20 

40 

80 

100 

160 

200 

320: 


7-32 

7-46 

7 44 

7-42 

7-41 

7-45 


7-40 

perthelot, 10'' C. 

7-22 

7-27 

7-36 

7-27 


7-21 


7-18 



■ ■ ' ’ ‘ 7 7**" . 

f liolb, (■him. rhi/s., {h’), 10 , 130. 

and Manky, Proe, Jtoy. ^V;., 1902, 69, 80 -119 ; Tram. Chem. iiur., 1{M.)3, 83, : 

Conipt. rend., 1880, 90, 770. 

S|»feiri«on, P^r.,-1879, 12, 2062. 

/t»m. Ohm. 1877, {v), 12. 530. 

ThemochemHche V nteramhumjen, Leipzig, 1883, Band 3. 

4, 4(58. . * ' 'la 



‘ rlitib of nitric ^dcl to wafer is 1 : 20, so that further /dilution Witf not 
,;oausc tcrnperature change. ; ? 

The h^at of neutralisation of nitric acid with potassium liydroxide 
is )3*770 Cals., and witJi sodium hydroxide lO GSO Cals.^ 

The refractive indices of nitric acid of different concentrations havd 
been studied hy V’eley and Manley,^ and tJie followii^g table sliows the 
values of n for sodium light at 14*2'^ - 


. Percentage HNO^. 

:v * ■ 

«i>. 

Perccntag( UNO,,. 

fiD. : 

2*19 

1 *330208 

70*01 

1*100094 

6*70 

1*3 12298 

78*07 

1*405001 

18*27 

1 *358541 

87*20 

* 1*102112 

32*00 

1*377798 

95*()0 

1*398118 

41*45 

• 1 ‘388788 

98*07 

1 *300080 

50*00 

1*398135 

99*87 

1*397107 


The values for tlie refractive index increase ii[) to a})out 70 per cent, 
concentration, and then decrease gradually to 9S-()7 per cent., and then 
again increase sliglitly. Tlie value of n for tiie anliydroiis acid is j)rac- 
tically tlie same as that for the .50 per eent. aeid. 

The viscosities, of nitrie-aeid solutions as determined by Kiister 
and Kremanir'^ at 15'" C. and - 15^" (’. siiow tiiat the values reach a 
maximum in each ease wlicre the eoiieentratiou is 05 [)er cent. The 
viscosity of water at O'" C. is taken as unity. 

Percentage IlXOg 08*5 82*0 70*0 05 0 50 0 30 0 10‘0 

i^at-flS^^C. . 0-51.8 1*030 x*277 1*300 1*141 0*822 0*055 

7yat-1.5°C. . 0*833 2*240 3*208 3*301 2*369 1*035 


Tlie magnotie rotatory [lower of nitric aiud is gixen in the following 
table, and a gradual decrease iii Ihe value of the molecular rotation 
occurs, corresjjonding with increase in dilution : — 


Molecular Conu)osit ion. 

Pereentage 

UNO,.' 

Sjiccifio 
Rotation at 

ir>" r. 

Molecular 

Rotation. 

Molooular Rota-- 
titiri less that 
due- to IfgO. 

HNO3+ ooiylljO 

99*15 

0*5292 

1*220 

1*207 

+ 2-701 lIjO 

5014 

0*8042 

3*078 

0*977 : ' 

. + 7-31 iHjO 

32*30 

0*9000 

! 8*163 

0*852 

+ g-riSSlljO 

26*81 

0*9238 

10*300 

0*805 

;1-i2030H2O- 

22*54 

0*9350 

12*783 

0*753 


^ Thomsen, The.rmorhemische Uniemichun^m, 1906, p. 40. 

- VVIcy aruj Manley,yVo<j. Roy, Roc,^ 1002, 69 , 114. 

® Kiister and Kreinaim, Zeitsch, anorg, Chem.y 1904, 41, 13. 
^ VVi H, Perkin, Aenior, Tram, Chem, Soc,t 1893, 63 , Ti5. 
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vales' tHe diltitfeiii^y 
litres per rnoj^ul^ were determined at 18'’ C. : - -^ 


V = 01 

0-2 

0'5 

10 

20 

50 

f 100 

A^65-4 

15G 

258 

310 

.“■>4 

340 

350 

20 

50. 

100 

200 

5(d) 

1000 

, 

A ==057 

3G4 

3G8 

371 

374 

375 



^ The tein])eraturc cociricic nt of eonductiritv, — . ' — -- “---0*01G2,i 

* . *' ^ 
varies with tJie diluiion.^ . 

The mean (X)c(lieient pc'r I" [)et\veen 18'" and 52'" (\ is : 

00157 00151- 00152 00117 0011-3 

At V 00 1000 100 10 2 -* 

'riie values oT the molar conductivities A have been obtained up to 
100“ C. ’ 


r (\ 

t-1. 

inols./ litre'. 

U-05. 

mols./litri'. 

a-al. 

mols./lilrc. 

(>(.>02. 

inoln./litn,'. 

anna 

rtHil.j.; litre. 








18 

A=3tOI. 

353*7 

3G5-0 

371-2 

377 

25 

A=-:)85-0 

393-3 

40G0 

413-7 

421 

100 

A -=728 0 

' 7G0-0 

786-0 

80G-0 

82G 

i 



' 




1 

..J 


The conduct iviticb of acids iVoru 20 to 80-4 per cent, have also b(‘eu 
determined ^ at 10“ C. 


Freezing-points and Compositions of the System HNOa-IIgO : ® 

Mols. jK^r 


HNO, 

ad 1-5 9-5 

12-2 

1.5-8 19-S 

2e-U 

33-3 

37-7 

Temp., 

0 0 -271 - 

lOa* : 

;i0-(5 22 0 

18-5* 

-2a(> 

- 35-4 

JWCols. ix'r cent. 

um. 

40-0 411 4H0 

50:5 

01-3 07-1 

73-2 

80-0 

1000 

Temp., C, 

420* :39-4 27 !)* 

-:)s-2* 

-14-4 .55-3 

-a4-5 

- 55-3 

-41-2*^ 


The values marked * are fixed temperatures or ha]t*points of erysta!- 
Jisatiou, i.e, either eutectics or meltiii^r-poiuts of (‘omi>;‘unds, /is iu 
the ease of other strojiu^ mineral acids, tli(‘ fri'c/iiift-pouit composition 
curve (fig, 21) shows the existtau'c of a scries of hydrates and eutectics. ^ 
The hydrates^’ are llXO^.OflgO (melting-point - ltS-5' (^} and 
liNOg.IiaO (melting-point -38“ The freezing-point curve also 
;^hows three eutceties as minima between the four separate components, , 
these ciiteetics corresponding to the cryohydrates ice j-IlN'Oj.alLO 
(picitiug-point —43“ C.), 11X03.3020 bllNO^.lL/) (melting-point 
V4aP C.), and IINO3.II2O [ IINO3 (melting-point - 0G“ C.). 

' Kohlrausch and (Jrotiaii, It'm/, Antmlen, 1885, 26, 101. 

^ D^guisrio, l)iitserMiu'ny 1895. 

^ Arrlionins, ZeiVich. lAnjifihd. ('fmn., 1889, 4, 90. 

^ Noyt's, Melolier, an<l (^>t)|wr, Zclisrh. physihd. Ohcni., 1910, 70, 

d, Kii^bt'r and Kreinann, Zntftrh, ammj. Chi’m., ISHU, 41, 1. 

V !See also Pickering, Trans. Chan. Soc.^ 1893, ^3, 43C. 






^ , , iS U!'due i6%e Ilijjh c hydrcj/^en ions in dilii?^ sL,„.^ 

^t^siilliii^ from the far-rcaehin^ dissociation of nitric acid in 
V'The dcfjree of dissociation calculated tVom the depression of the free?|f)i 
5^lnt*of water is shown in the following table : — ^ ^ ^ 




niolH. jxir litn^ 
l^lfe^iressioh of F.P. (A<) 

’t Hoff factor (i). 
of diasociiatiori (a) 


0CM.n()54 0(Kmi58 
00040 0 01 J 9 

2-00? 1-994 

100-8 99-4 


0-007378 0-01153 0-05103 Odfl 

0- 0270 .0-0430 0-1890 

1- 979 1-973 1-958 1-8#!* 

97-9 97-3 95-8 . 86-^' ;;' 


The depression of the freezing-points of more concentrated solutipiti 
S^nUric acid are given below v 

in moly. per litre . 0 25 0-5 1-0 1-5 2-0 2-5 3-0. . ; 

|!:|)epre8sion of Kl\ . 0-875 


0- 5 

1- 810 


1-0 . 
3-790 


1-5 

5-938 


2-0 2-^ 

8-347 11-040 13-909 


THE SPECIFIC HEATS OF NITRIC ACID OF 
VARIOUS CONCENTRATIONS.^ 


lVr(‘(*iita)!;o HNO^. 

Mean 

S|)f;cinc 

Heal. 

f 1'72 (200 niol.i. HjO) 

0-982 

: 840(100 „ ) 

0-963 

lS-00 (M „ ) 

0-849 

26*00(10 „ ) 

0*768 

10-00 

0-900 

'2.5-57 ' 

0-787. 

> 40-00 

0-669 

60-52 

0-637 

81-80 

1 0-575 

A 92-15 

0*500 

98-15 

0-175 


Tempera- 
ture of 
l>ei'ermi na- 
tion. 


18“ 


r" ‘j 


20“ C. 


Antfunity. 


T1 ioius(a 1 , Tlierm ochertmehes 
Unirr.mchiiiigen^ 1906, p, 
40. 


Pascal and Gamier, Bull. Soc. 
chim., 1920, (iv), 27, 8. ' 




jr :/ Chemical Properties of Nitric Acid.- -The ontstanding propertj^ 
pf ititric acid is its oxidising nature. Its eorrosi\ e action on the ski|$| 
irpcluces painful wounds, and even dihitp nitric a(ad causes an iptetiSj^ 
^eljow coloration due to the formation of xantho-proteic t^ids. 

"^^bol, silk, and many other organic substances arc coloared similarlj^j 


e de«)mposition f>f nitric acid by heat is readily shown by suppoi^iM^fl 
vichorchwarden clay pipe so that the stem is inclined downwards 
fend umier a beehive shelf in a trough of ‘water. An inch or two 6fr|| 
Stejrn is raised to a red heat by a burner, and a few cubic c^ntirtv^il 
nitric i acid poured into the -bowl. .Decomposition occurs acci 
the equation 

4HN03==:4N024-02+2Hg0. ; - 

•/. rr- ~ : - . 

^ JimvH, Ztitsch, phymkttl. Chem., 12, 020: ' , ‘ 

.* Jom-s and Cetmaiii (Jhem. J., 1902, 27 , 433. ' / 

\ kSee also -Maf.ignno, Annahtif 1872^ 8, 335. ' , % i - ^ 





IVg. 21.— i<Vc(?zii)g. point curve of aqueoun nitric acid. 


liic oxy^reii t'an bo collccdccl in a ^ras (yliiaJer o>'cr water, while the 
' acids!**^” piTOxidc dissolves witli Hio Ibnniitioii oi' iiitrie and nitrous 

Aon, the reduction ot nitric wid^ 

M .ii nvo““"'T‘" difftrent eon.lilions : nitio C 

aud ILNOj, nitrogen ijcroxidc NO^, nitric oxide NO, nitrous oxide N O 
hitiogen Nj, ununonia NII3, and to'droxylaininc NM.OH * * 

av r T" -^lost non-inetais are (inieklvi' 

vOTidised in many cases to tJieir liigliest state ol' oxidation, aud often S 

un^Ti’ pkosplioriis is converted tirst into phosphorous" 

• and then into phosphoric acid : jmespnorous 


h , 6P+1011NO, i-iU^O^ elljPO.+ toNO. 

Sulphur is oxidised to siilplmrie acid : 

S+2HN03=II,SO,+aNO. 

;ipdiue is oxidised to iodic acid ; ^ 


3 Ij + ioIIN% = 611103+ loNOi-aH^. 

coiW(^;ed in^o U)ric acid and soleniinn into selenions ackh 

g ^^ 4cUon of ^ line Acid^' oh CV/q//ow7/deV.- Sulphuretted hydrogen 

to sulpluir, sulpliur (hoxide to sui})Imric acid, with productiy" 

Sroininc and nitrogen peroxide, Wiilel' 
»'«* "itric oxide. Hydrogen chlorfdsi 
chloride and chlori^l 

vols. cone. HCl -f-l vol. cone. I-INO 3 ) • ';£* ■ . 

U]Si03+8HCl -NOCl+Clj+allsO. 




1^ 341. 



arc oxi(fisctI to ferric witii rifbdiictioit of nitric'rixi^^^ 
stMnoiis .sarts jyfivc^ s salts, hydroxjlaniiiie, and ammoiiiji.,: 

,iii'senions®chloridc and arseiiious oxide jOfiA'C arsenic acid, and sinlila^' 
antimony chloride is oxidised to antimonic acid. 

.. Action of Nitric Acid on Metals.- -Nitxic jjcid has no action bin 
gold, platinum, iridium, tantaluiii, rhodium, and titanium.^ All other’, 
metals are attacked by the acid, often with tlie formation of nitrates,; 
and rediiCiionl)roducts of the nitric acid, wliich vary ^vith tlu^ tempepa- 
tnre and concentration of the acid. '* • , 

IVlouzc and Freniy^ described tlu‘ reaelious of eo})per and silver 
with nitric acid, and sliowed that tin differed from those in tlic produc- 
tion of ammonia. 

The meehauism of tlic reaction Ix'twceu jiitric acid and various 
metals has been the subject of considerable eoutroversy for many 
years. Armstrong afid Ackworlli ^ juit forward fhe theory that naseeiit 
hydrog(.‘n was the initial substance which brought a])out reduction of 
nitric acid : 

M hllNO, MNO.J I 11. 

This nascent liydrogen did not esea|)e from the solution owing to the 
powerful oxidising nature of nitric acid, but produced as seeoudary 
products nitrous acid, liyponitrous acid, hydroxylaniine, and arniiiouia. 
Tertiary reactions oeeurred from the decomposition of these sceofidary 
jwoducts, with tljc rormatioii of nitric oxid(‘, nitrogen trioxide, and 
nitrons oxide; while double decomj)osition betwijcu the secondary 
products resulted in tlie formation of nitrogen and nitrous oxide. 

Tiius the action of dilub; nitric acid on coj)per, silver, mercury, and 
bismuth was similar, as shown by the ecjuaiioiis 

;i('u f-(;Hi\().. --;3(u(NT)3).. j 01^ 

iJlINOa i OIF allNO. ! all A 
ill JNOs- 1L\()3 1 2X0“ i 1 1 .,0, 

which gives, on smuming n]>, 

;3( u 1 HllATly - : ;jCu(NO;J 2 f 2N( 

Divers'* eonsitlercd that metals may be divided into two elassc^s with 
rofeiciice to tlu ir action on nitric a<tid. in tlic Jirst class arc placed the 
- four metals copper, sil\fl^r, mercury, and bismutli, and tlic primary 
products arc nitrite, nitrate, and water; 

(1) 2Ag f lIO.XO^-AgOll 1 AgNOa ; 

(2) AgOII I IINO3:. AgNO, I llaO. 

Further action of the nitric acid on the nitrite producers nitrous add 
; ajid nitrate ; ' 

(3) AgNOg fHNOa-AgNOg-f IINO 2 ; 

while the nitrous acid reacts to prcduce nitrogen peroxide or nitric. 
: oxide according as the nitric acid is concentrated or dilute, as shown 
in the following cciuations : - 

' GdipUii, }JmidhfK)k of Ohemistrjj (JOiidwli liaiialation), 1819, Vol. ii., p, 303, 

“i Pdouze a\i<l Fiorny, Traiie dc (Uiimkf 1800, I, .351. 

^ AniiHli'oijg and Ar.'kwortli, Tran/i. Cliem. AW., 1877, 15 , 61.” 

; ‘ Divers, 1883, 43 , 443 ; 1885, 47^231. 



•n4)"iNas|nNb'i2Ni^^^--. ^■^■ 

(S) 3lINOj =HNOa+iNO+ir20. 

' " assumed that a very small quantity of nitrous acid is nccessitry 

to initiate tJic reaction and lunctioiis in a cMlalylic manner. There is 
. no formation of amm«iiia or liydroxylaniinc at any sta^^e of the Veactiou. 

The seeond class oi metaJs incindcs ziae, nia.^nesium, alnminium, 
cadmium, tin, load, iron, aiul tJie alkali iiKMals, ajid no nitrons acid is 
re'q^ired to start th(‘ir reaction witfi nilrie*acid. A('eordin<,^ to Divers, 
nitrous acid is not produced in apj)fceiahlc amounts, hceanse further 
reduction occurs which is dn(‘ lo I he action of nascent hydrogen ; 

IINO 3 I 2H .ILNOa 

211 x 0 ., fsiedr.NjO.f ti[„() : 

tl\ pofiitnius 
.K'id. 

IlNOa I (ill -XIl.Oll j 211., O* 

Ifvilmxyl- 

itiiiiiK'. 

I1N0„-|-.SH Ml,, f-;ill,0. 

Animoiiiii. 

The production of hydroxylaminc and ammonia occurs chiclly with 
tin and zinc, althonL»h under snita.l.)l(‘ eonditioris other metals may ^ivc 
traces. The naiure and c|naii(ily of Indh primary and secondary 
products depend upon th(‘ cotiecnl ration of the acid. Secondary, 
products result from the following reactions : - 

IL\() . f 2A() j 11,0 ; 

IJ NO 2 f N11,611- :X ,0 ;-2li,0 ; 

IlXOo f Nil, N.^f 2 lJ 2 {). 

'rims the reduction prodn(!ts of nitric acid produced hy zinc under 
various conditions may he shown in the followiiii,»‘ reaetiojis : — 

;3Zn 1 TlliNO, -;3Zn(N(),), j*Nll/)H | 21120 ; 
iZii I DllNOg- |.Zn(XO,).H Nil., i ‘illgO; 
l/n f lOllNO,:- j.Zn(N 03 ) 2 -i N, 6 -j 511,0 ; 

5Zii I- 1 211 X 03 -aZii(N03)2 i N “ j rdl20“, 

Velcy ^ suggests tliat nitrons acid is necessary to initiate the reacLioa 
between all metals an;’ nitric acid, and his experiments go to prove that 
- ;really pure nitric acid has no action on pure metals. There is consider-' 
able dilliciilty in oblainiiig complete jmrity of the reacting substances, 
■and traces of nitrous acid are ])roduecd [jrobably by electrolytic aetjon 
set up by the most miinitc quantities of impurities in the metals. The 
. very slight action ol pure nitrici acid of ;3() per cent, conecn^ratioii on 
•'pure metals was ahiiost entirely prevented if the ni(‘ials were agitated 
in the solution, because it was not possible for nitrous acid to coh^ 

: (ientrate round the metal. No action occurred jrt all if the formation : 
fbf nitfous acid was inhibited by adding such substances as urea, hydrogcij 

A:Veley, Proc, Hoy, ,%r., 1890, 46, 210 ; 1893, 52, 17 ; PhU. Tr9m.y 1891, l^2Ai 27^ 

1891, 10/ h/ 



:;|jpr0^ia«^pot^^ Vefey 4fr;.wa Mx«c.i;uugj*?^ 5 « 

and bismuth differ iu tlicir actibii frcpi^fe 
vrifest <5(f tl/j metals, .yet he nuaintains' tliat in all cases nitroiik ftci^ 
-:ncqcssnry to start the reaction, and tliat nitrous at^id js the primto 
"produ^st.in all cases. Thus, in the case of copper the reaction c#:!| 
^represented by the equations 


: Cu+4lIN02-Cu(N02)2-f 2NO+2I1A 

,Cu(N 02)2+2HN03 -Cii(N 03)2 f 2HNO2. 

'The dccomjX)sition or formation of nitrous acid is shown by the reversibi 
reaction . > 


V. In the case of both classes of metals Veley found that ra]>id solutiQi: 
pecurred in nitrous acid, less rapid in a mixture of nitrous and nitrft 
acids, and much slower action still in the case of pure nitric acid soliitiori 
Iligley ^ has investigated the action of nitric acid oji iron, and alsc 
the electrolytic reduction of nitric acid. The })roducts of tJie rcactioii 
hi each case are closely comparable. Thus, in the electrolytic reduction 
pi nitric acid, ainmonia and nitric oxide are the chief products of dilute 
acids, while hydrogen is iilso ])i’oducecl. Increasing eojicent ration of the 
,acid yields corres])oiidingly larger amounts of nitrogen peroxide. 

" In the case of the reduction by iron, the products are arnnKuiia, nitric 
■oxide, and nitrogen peroxide, and wliile there is no irec iiydrogen, yei 
■ there are considerable amounts of nitrogen and nitrous oxide. Very 
^jveak acid yields large quantities of ammonia, but nitrogen peroxide ifj 
practically tlie only product with eoneentraled acid. 

, The only metal wliieh produces free hydrogen is magnesium, and 
the nitric acid must be very dilute. As magnc'siiun is next to the alkali 
mHaJs with ixgard to its high solution tension, Webb *■* suggests that 
hydrogen is liberated first by all metals with a higher solution tensioh 
thifh hydrogen, while tliose with a lower solution tensioii (eopperi 
mercury, silver) arc polarised in a solution of nitric acid, Tlie functiofi; 
of, nitrous acid in starting the reaction f)etwccn tliesc metals and nitric: 
pcid is that of a depolariser. f 

; ' y Very few metals can be used as containers, etc., for nitric acid, bpf, 
aluminium seems to have possibilities in this resj>ect, and tlic action p|; 
nitric acid oji this metal has received much attention.^ Tempcraturpl 
>;hnd concentration are the chief factors, and it would seem that aluj} 
^^hiiiium can be us(xl at low temperaturcj^ for cither very weak or ycfyl 
J%Phcentrated acids. Extensive use is made of aluminium airrclevah^l 
^jpipes at Notodden in Norway in connection with the absorption systpS 
yipi: nitric acid produced by the arc process. 

V ' Generally speaking, the action of nitric acid upon alloys is of a yer^^ 
varied and complex nature.^ One of the commonest substances, 
^pyhaudling and storing nitric acid is iron containing varying amounts -pil 
?j||icpn (ip to 20 per cent.). Narki, ironPe, and tantiron arc (;xaiTipIcsipf| 

A7ner. Ohem, 1893, IS, 71 ; 1895, 17, 18 ; 1890, 18, .'S7 ; 1899; 

# ^ .. 

TiiUat* Soc. Chem. Ind., 1915, 34, 874; Scli^inan and Williuiiis, ibid,, 

K T Ifent^inardiii, (to 1892, 2?, 250, 277, 397, 420; AUi U. Accad. 

t 1908, i7, 366; .190^, 28, 272 ; 1913,.32; BU, 113^1 IStansbje, 
P0$6;:4s»i6ao7l.:'. ■ ; 



pitf^ites behave similarly. when treated with concentrated sulphUriii ^c^ 
^ij^^opper. • ' • : " 



?^p<jlects at the bottom of the tube, aiiS at the junelion of the two liquids 
brown rin^' is forriicd containing the compound FcSO4.NO. 

: Bnicinc, in tlie presence of concentrated sulphuric acid, develops a 

i r^d colour. ^ 

, “Nitron” gives a white precipitate with nitric acid or iiitrat^§ ;f 
■^thc test is sensitive to 1 part per 60 , 000 . 

jF.s^in?a^m/?.-:TIiere arc a large number of methods in use for 
estimating nitric acid and nitrates. Tlie more important of these; 
methods may be classified as follows : — 

1 . Titration Methods. 

;/ 2. Gasom-etric Methods. 

, S. Gravimetric Method. 


1, Titration Metluxk. -{a) The simplest method of estimation of: 
“free nitric acid is b}^ titrating with standard alkali. Any indicator m«ay:) 
bemused iti the absence of nitrous acid, but if this is present, then methy l,: 
red is preferable, as it is only slowly acted upon.^ O*:;; 

{h) The Bowman and Scott ^ method consists in reducing tlic nitriO; 
acid (or nitrate) to N2O3 by means of a solution of ferrous sulphate id; ' 
strong sul]>liijric acid, the end point being indicated by the appoarancfi? 
of a pinkish-browii coloration. Nitrous acid and nitrites do not inter-;' 
fere, but chlorates, bromates, iodates, chlorides, bromides, and iodides;^ 
niust be absent. ' v-;! 

(c) The Pelouze-Fresenius method is based upon the reduction 
nitrate by means of ferrous chloride, and the estimation of the cxcess>: 
of ferrous salt by titration with standard potassium permanganate : ■ 

aKNOs-i OFcCIg-f 8lICl-:6FcCl3H 2KC1 faNO+ lH^O. ; 


This incthod appears to be accurate with dilute solutions of nitrates^ ' 

' '(^) Many jnodilications of the reduction of nitiates to jmnuohhii'J 
have been proposed. 'I'ho original incthod was by litaling the 
toll J)e Varda’s alloy in alkaiinc solution, and subsequently distilling 
hminonia into staiuiard acid .solution. , : ; 

Jj' Other reducing agents are, reduced iron and sulphuric acid,** a}u||| 
Sfinhim amalgam in alkaline solution,^ and titanous siili)luito.® 
last-named method has the advantage of quickness with accurag^y^ 
l^fateip can also be estimated by the electrolytic reduction in a spluti,dj||^ 
ll^pper i^ulplnite containing a known quantity of standard acidv’ 


' ■,?; Koohlcr, Marqueyrol, and Joviiicfc, Ann. (Jhim. anulf iai3, 18, 45. 
“ bowinan aijd Scof-t, J. Ind. Jting. Chem., 19J6, 7, 706, 

. Letts ^id Ilia, /Voc. Roy. Soc. Edin.^ 1015, 35 , 168. 

'Pprhni.ritl MplfuuiH 
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NITROGEN. 

2. (Uhsomdric Methods.— (a) Thv T^^unijc iiilroiueter is very 
used fur the estiuiniioii of nitric acid and nitrati's, but is liid>le to ? 
uumi)cr o£ errors due to the solubility of uilrie o,\ide in sulphuric* aeid 
toni})eraturc lluctuations, period of shaking, elc.^ 

{{)) 'J'he Seliloesijig-Grnndeau method depends upon the reduction oj 
nitrates to nitric oxide (whicli is measured) b}^ i)oiling vvitli ferrous! 
cJiloride and hydroehloric aeid : 

Xa\().j ! .‘JFeCU I illCl Nal’l [ j \() | 2ll,0. ^ • 

(liHvi)n(’frir Mdl/od. Nitron has already been menlioiied as 
alTordiiig a delicate means of detec'ting nitrate's. This substance is 
I : t di[)hen , I. .’i : 5 c'Juloanilido, I : a dihydro. 1 ; 2 ; 1 tria/,ole, and 
gi\'es a eryslaltine insoluble nitrate' ('xcii ^\ilh minute <|nantities of 
nitric aeid.^ 'Fhe ]>reeipitatc obtained by using an ac'ctie aeid solution 
of nitron is littered and \\('igJi('d in a (looeli erneible. 

Nitrous and nitric a('i<ls in a mixture may be (sliniated ])y first 
estimating the nitrous aeid by means of ]>otassiimi pi'rmanganate, and 
then oxidation of tin' nilrous aeid in another |)orlion \vifh tiydrogen 
p('r(,)xide and estimating the total nilric! aeid witli nitron. “ 

Tlie nitron method for nitrates is inapplicable in tlie presence of 
lj)(lro])nmtie, liydriodie, ehlorie, peretiloi’ic*, lliioeyauie, ferroeyanie, 
ferrieyanie. and pierie acids, 

Ih’.KMTHu; .Veil), UNO,. 

'i’he suj)posed nilrogeii li<-\o\ide was enfisulei'ed to gi\c a pernitrie 
aeid witli water. Oxidation of nitrous aeid in solution l)y .'i per cent, 
iiydrogen peroxide sotulion is stated l)y Itaseliig-* to pi'oduee pernitrie 
aeid : 

IfNO. i ^II.Oo UNO, I 211,0. 

/riie ric'composition t»f pernit rie aeid by water oc'eurs slowly, according 
to the read ion 

11X0, 11,0 IIXO, : 11,0., 

l?ure tiydrogen ja'roxide .'Uid nitrogen pi'iifoxide al low t ( luperatures 
yic'ld a substance exliibiling typical propi'ti ies of a jicr-aeid : ‘ 

i 11X0, 11X0,,. 

llrominc is liberated IVom potassium bromide, and aniline: is oxidised 
to nitroso-benzene by the aeid. 

Kleetrc^lvsis eif a sohilioii of sil\er nitrate \’ields a black crystalline 
prceijiitatf', assumed to Ix' the sih er salt of |)ernitri(' acid.’* 

^ Tiiwci’, Zt itsi'h, ((Hiinf. < 'hi III., P.MHi, 50, .'isg ; .U.ir(jii('vrii| .uul in, iSoc, 

chim., IllJl, 9, gitl : Tavloi and \V« )il>, ./. XW. (Jfn m. /luL, 1922 , 41, .‘{<* 21 ' ; Miovticld tiiid 
Mai'di, ,/. Jimr. ('/inn. Xor.. lUOO. 28, S77 ; Leo, ('hcin. Zdt., 33, J 218 . 

-.iJnseli, //(i\, 38, 8dl ; HUM), 39, 1101. 

Kaseld'r, Zdlsr/i. fonjnr. ('hnn,., lOOt, 17, 1 1 10. 

^ <rAns and l'Vie<li ri« h, Zilf-r/i. iiiKny. ('/inn., 1011 , 73, Old. 

Mulder and lleTring)-, /itr. Trin\ i/iiNt., 1808 , 17, 120. 



CilAI'TKU XIII. 


NITROGEN ANP StfLEllUK. 

N'1 THO(;i’,n ('ombiiies willisnlpliuriiulitT clly, usually by '‘ouplcu 
yuvirijT a solid (‘(>ni|)ouu(b SjXj, a lirpiid, aud pos‘^illIy oilu r coiii- 

pouiids. Th(‘s(' arc* prol)ably uil rides of sul|)lmr ; t.bi- nilroi^eu is the 

ro-n('i.^al i \'e ])art, as is shown by th(.' manner of formatiim and Ihe 
reactions, 'riicy can 1)0 rc'^arded as derivati\'es of ammonia, from wliieli 
llu'V are formed ])y sonu* nauarkable reactions. 

Solid Siilpluir Nitride. The solid nitride was diseo\T rod l>y 
(d’e^ory ’ in bSt'Ja, and tJien eotnplelely invi'sl i^ided l)y a. number of 
seic'iil ists.“ 

Th(‘ predlualions follow three' main lines: 

I . From ('If lor {.(It'S of Sfif phiir, or 'I'hloni/l (Itlftn'tlc, oiiil Jin of on if/ in lui 
Organic Solvent. -The liijuid medium in whieh llie reaction takes jilaee 
may be carbon disulj>hid<‘J benzene*, ’• *’ or chloroform.^ A s<»lu(ion 
eonlainin^’ ‘in yranis of in 200 e..e, of benzem* is saturated wills 

ammonia,'’ 'I'hi* or;mi>’e-eol( aired ])reeipitale is waslu'l with w:il<*r to 
free it from ammonium chloride and re erysl alliseil freim ear])e)n disiil- 
jihide, or e ai'lion I e*t raehle)ride. te* free il. from sulphur. If. ervst allise.s 
on eoeilinu' in ii’olelen crystals, A 1‘urthe‘i* epianlity is obta'ue'el by eo apo- 
ralion eif the* Ijen/.ene m<.»l he r-liejiiea*, .ind may be re'erysla]lise?d fnuvi 
benzaide‘]iyel('. 

It is proliably fornu'd by the* iT‘aeliA)n 

12S(:i, {-10X11.5- -OS, X, i : l^^lITo' 

dMie* yie.’lel aelually obtaiiu'et e.veHcds tiail ealeiilate’d fi'om this 
eejuation liy about 10 ])er cent. This is altrilmte'd le> tin* re'ai'tiou 
]jetwe,*( n S./’lo anil XII.,, as staleel be'low. 

When sulphur inonoeliloriele, (STT,;, is use-ei, there is .‘in abumiant 
separation of sulphur. l>y mixmy ivi-eold solutions v)f ammonia and 
of sulphur monoehloriele, both in chloroform, th Te- is eib, .iiiee! a mixed 
prceijiitate, probalily formed ’by Hu* eejuation 

OS 2 CU -lONH;, S.X, j-l2Xn,('l I nS. 

Other sulpliides are feaind in the motlier-liijuor.-- 

^ dTe.‘<^<.>i‘y, 21 , .'tl.') ; 22 , :UU, 

^ Sdubeiran, Ann. ('hini-. t*fnh'-- tM-t-'’'. |-|. ^> 7 , 71, 'Ml. 

•* I'’(,ire1().s and (u’lLs, ('onijtf. nn(f., 31, 7a2. 

■* Mutliniann .'ind (’Icvei-, ihr., JHlUi, 29, ei), dtt ; I'I'-vei' iind MudmiSan, /jiO'^ck, 
anonj. Chmi.. ISib;, 13. 2<M>. 

Divofs iiiid (An ni. .Vr/m, 74, 277 . 

ScliOiik, Annulioi, JSlld, 2490, 171 . 

" -Vtacbolli .'Uiei (dali im, /Ve^c, Itnif. ii'i.At AnM., 36, IM. 

» Hutf, Bu\, 1001, 37, Ia7:t. 

MaeTiedh iUiei ^jraliaui, he. rU, ; Vntkridmrgli ari(Miiu)ar, J. Ajtia. ( 'hem. }>oe., 1^26, 

47,2134.’ 
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'J'hionyl chlorklc ^^ives a jiiixture (if S4N4, amitioftitnn dilotidc; aaiti 
amnionium salts of thionic [acids, ^ \ 

2. Frm Liquid Ammonia ami Sulphur. -Snl\)hi\i: dissolves freely 
jjj liquid ammonia, ,i^ivin^ a red-brown solution, ^ and the preib^ 
ability tliat a chemical reaction^ takes place was pointed ont,'^ It 
likewise'shown '' that, after the addition of Agl th remove the IlyS, and 
rejvioval of the A^\vS by liltration, the suljseqnent evaporation of th6 
ammonia from the filtrate ( iclds S|N^. Tlu* eva|)oration of a solution 
containing:’ both lIgS and‘S,N, in Ml. ksnes port' siil[)lmr. These 
facts, taken toiixdher, point to the estabiislnneiit of an e(|uilibriiau. 
Thus : 

l\H.j i lOS.-^StN, f (JH.S. 

From Harium Amido-sulphouuU', This salt (l(‘e«>mposes on heat- 
in^^, .aiviiii^- xairicms products, anunio- which an orange sui)!iinate was 
found of empirical composition NS, foruKal probably a(‘(*ordim> to liio 
e([uation 

3l^SO,J^TLJ., ..0lkSO4 bllNq'StlgN^ i-SN-j ‘No.'’ 

Properties. -Tlu' eomjioimd forms reddish crystals whj^:h belonir lo 
the rhombic." or monoclinic systems, d'hc. density is 2-2. Under 
atn,)osjilu;ric. pressure it sublimes at i;35'’ C., while under iuerc'ased 
ju’essurc it melts at 178'' Cf'* When suldimed in a vaeuuiu over silver 
f^auze it eoiidcnses as a blue substanee, wliieh may b(.* a, ])olymer. ft 
deeonqxises slowly when healed to 185 ' C., a.iul o\'er 200" C'. (‘xplodes, 
‘^ivin^’ nitrogen, suljdiur, and possibly another sulphide. It is an 
cndotluTiuie eouij)ound,^^ the heat of formation b('im4' ()-7()07 Cals, 

per ^rarn, or -- 120 Cals. [)cr mol., SjNfi. It is insoluble in w’aU'r, but 
soluble in the solvenis mcnlieia'd above, in alcohol, etlua*, and many 
other solvents.' d1ic jnolar wc'ioht in th<‘se emresponds to the formula 
given, e.g. by the elaillioseopie inclhod in CS^. 

Reactions. - TJic eompoimd is slowly liydrolyscMl by hot water, nH)re. 
quiekly by alkalies and acids, givhng ammonia or its salts, and sails 
of sulplmr oxy-aeids or frc(t suijdnir. 'riiese reactions prove ihal it is 
a nitride of sulphur, not a n itrogen sulphide. 

It is deeumposc^d ))y dry Jiydrugcn chloride, ae(‘ording to the ccjuation 

S^Nfi t-rjHCU^^kVfl;, i 48 i (U'l... 

\Viih liquid Jiydrogeii chloride it gives ammonium chloride and 
chlorides of sulphur.''’ It forms many ^ aildition eom[K>unds : thus, 
S4N4.2NTI3 can be obtained from tlu' solution iu licjuid ammonia, 

^ Ron. Sor., I.S7.’*, 21, MO. 

.lYiinkliii and Kraus, Anu.r. C'lif fu. J., ISOS, 20, S2J. 

^ Jtugot, Aiut. Phif.-t., I!K)0, [T], 21, a. 

; ^ Moissan, Vompl. mid., 1901, 132, <710. 

Unlf and (Jciscl, /Ar., UMjn, 38, 2059. 

Divers aiirl ll.aga, Chcni-. Nf w% 1890, 74, 277 ; Tran.'i. Chum. Roc., [890, 69, 1052. 

^ Nickk'S, Ann. Chhn. Vhy.'i.., JS5i, 13J, 32, ^20. 

* Aj'tini, '/tcitsrh. Knj-d., UM)0, 42, OS. 

, ® Schonrk, .Innofcn, 1S9<), 290, 171 ; Andi'ctKci, Zcitsc/i. aiwnj. (Jheui,, 1897, 14, 240. ' 

.. Hurt, Trans. Clicm. Roc.., 1910, 97, 1171. ' • : ■ 

Borthelot and \’i(‘i!l(:', Ann. C/iim. ISS2, j5|, 27, 202; Compt, rml, IBSl, yir. 

laO; 

\ 7^ MutOmann and Clever, Her., 1890, 29, (i), 310 r 1897, 30, (i), 027. 

Andreocci, loc. cU. 
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and tied .snbstai|ces respc(^tiv< ly, mtd 
is a yeltdw substance. Those compoinids are pro j)a red by the 
j^d^tionol- the respective elements and SGJ^ tn in solution. 

Many conn|.>ounds witli acid radicals, such as NSO aufl Iiavo 

i)eon } >rc' pared ; the latter substance by tlu' reaction between 
: ^4^4 and sulphur clil^ridc or acetyl chloride. ]l behaves like. a base, 

> giviiie' salts, i^.g. a. nil rate witli nitric acid.^ 

■ Constiiuilnn. Th(' })r( })a ration tVofu SCI 2 and iVlljj and the dec'oni- 
position v’ith llCl into ammonia and siilj)l^nr, show lhai llie snlphnr 
. take^ the place of the hydrogen otNlpf, and t hat the uitrogetj atoms arc 
not linked togcthci lait are united to sulphur hy 12 valcneit s. The 
. valency ot the sulphur is probal^ly greater than o- that is, it may be 4. 

Further, in the rormation of thiodiamines from secondary amines 
by the equation 

dSiN, i 24lI\H2--l2S(NrU)2 i HNlf^ i 2X2- 

the avtu'ago Naleney of each .snljdmr atom ex('rted towards N'R.^ 

fallen to 2, so that the hydrogen <4* tlic amim; is insiiHieient to give 
ammonia, and nitrogen is sot free. A solution in liquid ammonia 
reacts with lead iodide (o give PhN.^S,^. vith mereuric* iotlidc' to give 
HgN.,S; in which, as shown by tlnar decomposition when acted on 
hy H(.1, the metal is united to nitrogen l)ut not to sulphur. Thi-y are 
theret'on/ considered to be the dilhiodidmide and tlie thiodi-imidi; re- 

si>eetiv('ly, and to contain the radicals S— S<^ mid N S \ 

' ^ 

Tlie struetiin.' assigned to the compound SjX, is : 

X- S- X-S ..X-S: X. 

s 

On sublimation of nitrogen sulj)hid(‘ with sulpiiur, small quanlitios 
of a dark red li(|uid are oldained which solidih<‘s at - 80'“ ('., and on 
analysis gives data corresponding to tlu- eniphieal formula X.S^ * 

Liquid Pentasuiphur Diiiitride. This eeuiqiound is jacpaied 
l)y the reaction between the solid snl]>hidc and (iarbon eiisulph’ide under, 
pressure* at 100 ' C. : 

S,Xjg-2('S2-S,N2 i-SH-43(’XS. 

It is also found in the mothe|'4i(jnors, resulting from the preparation of 
S4X4, and in the jiroducts of its <leeomposili(>n h\ heat, tt is a. rod 
mobile liquid of densit" 1-9, which is easily frozen,’ the solid naits at . 
. about 10’^ C. It can be vaporised uitli partial <!< composition. Like 
the solid nitride, it is soluble in organic solvents and insoluble in water, 
aqueous acids, and alkalies, by which, how'i‘\'(T, it is hydrolysed, giv;ing 
ammojiia and sulphur. It can be kept in solution. The li(|uid itself 
decom])oses slowly and ex}>hxles on heating. 

■#, 

^ tAanai’Ciiy, Conipt. rend., 1880, 91, 864, 100<5. 

'■ Muttiiiiann yiid (’Irwr. loc. cil. 

Muttiuiann and ISt'ider, />/'., 1807, 30, 027. 

llshcr, Traiu. Chem, Sor., 1026, 127, TltO. 

^ Muthmann anil Clev<‘i’, ZtitfuK atwnj, Chem., 1807, 13, 2i. 



CIIAPTKK XIV. 


FIXATION OF NITROGEN 

Arc Processes. TJk* eornhination of jiitrogcji and oxygc'n by electric 

sparks was lirsi, shown by (aAcndish in 1781-. Rayieigh ^ in 1897, 
describing Ins experijnents which isolated argon iroin the alnios}>herc, 
]K)ijit(‘d ont the ])ossibililies of utilising llic ehrlric arc for the industrial 
fixation td' nitrogen. 

The conditions for production of a good yield of nitric oxid(‘ are : 

1. The niaintt riancc of a high-tension arc. 

2. The exposure of a large (jiuudity of air to electrical action. 

th The ra[)id chilling of t he product s.“ 

The first technical altcnipl to utilise this reaction was that of 
Hradley and Lovejoy'^ in lt )()2 at Niagara. The arcs were struck 
between platinum [loints fixt'd in an outer casing and similar points 
which were rapidly rotated on a concentric axle, resulting in the making 
and breaking of over 1 - 00,000 {ires })er minute. Although th(‘ cdliciencw 
was good, the y»eld being 80 gTanis of nitric acid pea* K.W.II., it was 
found that the mechanism was too eom])liea.ted for technical use. 

The Birkeland-hlijde ./a*. -Tlu* first corjimcrcially su(;c('ssful |>rocess 
was that of Birkeland and Kydc, * which was started in 1908 at Xotodden 
in Norway. An alternating current arc struck betwc(.‘ji water-cooled 
copper electrodes is dcfleetc'd ]> 3 ^ a powerful magiudic held apj)licd in a 
direction at right angles to tliat containing tlie electrodes. The ares 
formed across the shortest air space arc driven outwards in tlu' form of 
a scinieircle until tlicir resistance becomes so great that they arc ex- 
tinguished, orunlil the direelion of the eurrent ehangt's so that the ares 
are directed to the other sid('. The result is a disc of ck'cl ric llainc or 
an electric ‘'sun,” two yards in diameter, formed in a lircbrick chainlKr 
through which the air, preheated in tJie outt r part of I he fiiruaee, is 
blown. The pereerdage of nitrie oxide in the issuing gas(*s is about 
1*25, aJid tlie yield of nitrie aeid 07 grains per K.WMl., or 580 lo 590 
kilograms per (reckoned as aeid and nitrate). Originally 

about 700 K.W. were emjiloyed in the fnnlaces, hut 1000 K.IV\ are now^ 
used. The voltage employed is about 5000, of wliieh n[/ to 4000 arc 
across the are, llie remainder la ing used in the indm^lanees, whicli are 
neecssar}^ to stead}’ the are. The power consumrd is great, so that the 
prociiss is only applicable wlicrc power is cheap, c.g. deTivi'd from water, 
as at Notodden. In tlicsc localities, tlic siin})lc nature of tlu* process 
and the robustness of the plant, combined with the fact that tlic raw 

' Kaytagli, Trans. ('Inni.. Hoc., 1897, 71 , 181. 

“ 8<‘c .st‘{'tioii DJI SyiitJi(Nsi.s, luuk-i- NiUiV Oxiclf*, p. 159. 

^ Bradtoy atnJ Lj»Vf*jDy, I'hajlish /V/k-w/. 82,40 (ItXll ) ; llalw-r, Zcilsch. fJk Jdrochem,, 1904, 
9 , 48! . 

Ztilsch. PlUUrorhcni., 190.7, n, 252; Birkfland, Trans. Faraday Sac.., 1900, 2 , 98; 
EyiV', ./, liv/f, Hoc. J9<)9, 57 , 508; 19(2, 60 , 04.5 ; Scott, tka/., 1912, 60 , 045. 
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nuktcrial — air —costs nolhin^^ have allowed it to ndaiii its (>osition iu 
rnamilaeturinii world. 

Tlie parses c.sca|>in^^ from I lie Innau-c, wliico ha v(-' rapidly conli d lo a 
teinpcraliirc ()t‘ about SOO" to HKKF ('..arc used for sl< am-nBsiny. At 
600" C. the nsudion 

2 X 0 i 0 , 2\()2 

be^dus, and is cornpicic al i l-O" C. Tli.‘ proc<'ss of c(k ,, .„m. .u 

17.5" C. is list'd to ])i'chc;d I he t'oteiini*; air. 'ITa' oxides of nitroei'ii, 
eoolinjj to 5o ' (\ by passieo' thronJ:h watrr-eoolt'd alupiininin 
})i[)es, pass into it cN liiuler line<l with aeid-proot stone in ordta* U* carry 
further the (slow) (‘onx t rsiou inlo Xtb.. 'riu's** oxith's are thcij abstirlx'd 
l)y waler Iriekline' ovi'i* broken <(narl/. in eranitc (owc:s 7(» feel liieh and 
20 lei't in dianiehr. d’he acid produced in (lit' hrsl lowi/r reaelies a 



conet'utration of JJO to tO per eenl. of niirie a(*id. while f;;.- slrtnelhs in 
lh(' sueeeedine' towers are 20. 10, and 5 pel’ ei id. ies|>( eti\ e!\'. 'i’he 
in.axiniuin production of nitric .-leid corresponds to llit' reaction 

iNO. i IIJ) IINO^ i IIXO,. 

which only takes jilace in eoi<! dilute solid ion. !n tlu' of hot 

solutions eontaininu’ luori' than hi pe - eenl. llNO.j, aiu' yascs eontainiuy 
about 1 per eeut. .\t), the nitrons acid is duoniposi d ; 

atlNO. IIXO^ : 2X0^ IIA) 

nciiec iu jwaetiec sonu_ XO will escape, anil this alter lurluer oxidation 
is absorbed by solutions of sodium hydioxide oi' sodium eai'lionate, or 
a: mixture of both, wlien about 05 per cent, of (hi‘ XO ajipears as sodium 
nitrite and 5 per cent, as (be nitrate. Evaporation of the solution 
produces the crystalline mixture, which is used in tlu' (‘hamber prepress 
for sulphurioacid niannfactnrc, or tdsc the nitrile is rceovenxi for the 
nianufacturc of dyes. 

Tlic nitric acid may be concentrated aciMudiny to th(' methods 
detailed on p. 100, or used (as m Xorway) to dissohe limestone. "Ji'lie 
normal calcium nitrate, I'a(\().j).^. is eoiwerted into a basic salt, eon- 
taiiiing 13 per eeid. of iiilroyen, which is not deliijueu’ent andds us'ed 
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as a fertiliser/ Calcium 2t‘2 per cent, of 

nilrogen* may easily be made from the gases containing excess of nitric 
oxide. - 

The Ptfuling Fmiiaee- The lirst teclinical installation of the Panliiig 
])roeess was erected at Innsbruck in 1900, following exj)eritneids which 
began in 1900/ Stec^l water-cooled cle<^trodes, bent away from each 
other in the sliape of a V, arc em[)loved, and tile an; is kept at Itigh 
tension by a blast of air. The alternating ares, siniek lielwt^eii ignition 
knives of iron vvlheli pass l,hrongli the ehctrodes, are earried upwards 
by the blast of air, giving a fan-sJeiped eleeirle llame of a Jiigh temjnTa- 
ture. Tlie gases Iea\ing at al)oiit JOOO^’ V, contain about 0*8 ])er (;cat. 
of nitric oxide, ^vllich eorresponds (o 00 grains of HNO^ per Iv.VV.H. or 
525 kilograms K.W.W 

Tlie modibeation of Itossi,- wlio substituted (*le(;tro(l(*s of aluminium 



alloyed wath barium and lead, greatly improved the 3'ield, as particles 
of iron are fonnd to decompose the nitric oxide ealalyti(*ally. 

Svlidnherr Furnace. The are process (.le\ise(l by Sctidiiherr 
and llessberger in 1905'* also de[)cnds ujiou the faet (hat an are may 
be earried liy a c;urrenl oi' lasated air. 'Phis is sup|)lied not across the 
discharge, giving a series of rajiidly extingnished ares, but along it, giving 
a single jiigh-tc'nsion are which is in contact with the air for over a long 
distance. Tlu' furnace is in the form of a cylinder, 20 to 25 feet long, 
made of iron lined with lirebrick, in the eei'tre of w^liieh is one electrode 
consisting of an iron tube, a few inclu's in diameter, water-cooled at its 
top end. At tlie lower caid another insulated electrode is enclosed in a 
vvat(;r-eoolc (1 copper block. The are, lirst struck at the bottom, is 
carried up spirally by tbe air, wliich is supjdied through holes bored 
tangentially to Die furnace walls. Tlie air is regulated so that the 
Upper end of tbe arc i.s made on the water-cooled end of the tube 
‘electrode.. 

The furnace, siippliiHl by a ii-jiliase alternating current, may take 
from 700 to 1000 K.W. and aliout 8500 volts and 290 amperes. Tbe air j$ 

< ^ ItusH, lYsr//.. k'leldrorfum., t ilmL, 1911, 17,491. 

Rush!, PalcuL 29!)i>9 (iM) ; also //..S’. llir)«27 (1914)., 

' ^ ^ ''8clionhen',tTmw.s-. >S'nc., 1909, i6. I.’ll. 
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jpi'ohoated. (o“ aboiil 500'^;C, by the issniii<( gasek, and lca.\'cj> the fnrnaet 
at\al)(:mt .(\ witlV a eontcnt of iv|H>nt l-S per eeul. ol’ nitric oxide. 
The yiekl 0<S orams of UNO.) ixa* Iv.VvMI., or oOO to 000 klloj^rnnis per 

KM:y . - ‘ ^ ® 

Ahsoliilc and (Unn parative Effieiency of jJccLraud Procrs.scs for the 
C'ombmfion (f SUric^OAddi', -y\\c\ projjorlio.e of I ho total electrir'al 
energy snp()!ied which an* used in 


the actual productiori of nitric 
oxide an* small, if all the cKc- 
trie:*] eifr'r^y were so used in the 
form of licat to combine nilnigcn 
and oxy<jfcn, which ha\c a heal, 
of combinalion cipial to 21*000 
Cals., it can easily iic shown ' that 
1 Iv.VV.lI. should i^ivc as a m.txi- 
mum ^aOO yrams 11X0.;. The 
. amounts yiven above are aboiil 
0 ])cr cent, of this. Ihit llu* eh/e- 
trical energy is also ivipiired lo 
licat up a laryc exc(*ss of air (with 
1*25 j)er cent, of XK)) lo, say, 900' 

and if this heat is included, the 
theoretical yield is only 102 yrams 
llN().)j>cr K.WMf., or the (‘diciciK V 
is over 00. 

Synthetic Ammonia. The 
lixalion of ai mosplu'rie nilroyn'ii 
ill llie form of ammonia by direel 
combination witli hydroyn-n is one 
of the most suci'cssful and econom- 
ical of pro('(‘ssi s, as tin* anioimt of 
cnerf^y recpiircd is small. 'J’hc fact 
that about Oa per eeut. of the 
world’s supply of lixt'd iiilro.e(*n is 
produced )»y this metlnxl (1925) is 
an indication of the iinjjortanee of 
this process. The direct eombiu 
ation of nilro^’t'ti and hydroevn m 
' tJic jiresencc of a catalyst is shown 
. hy liic eijuation 

; Ngfdlla^ : 20 800 Cals., 

' 1 V<>). :i vols, 2 vots. 



; find the equilibrium of this reversible reaction is given by the cxprcs.sion 


[Kor further (hdails »))i equilibria, velocities, and yulds, see seilibn 
; on N.j, Kquilibria, pp. 95 ei | 

It is obvious from llie above* eipiatifUi that, as a eonlraetion in volume 
froOi 4 vols, to 2 vols. occurs, iiicrcitse* of pressure will favour the 

' Allmnfidaud KUiiigliam, /IpiAr/ (An*)H, UBII. 
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Ibrination of aJjimoina ; also as Iho reacftioii is exotlicrnijc, as lo\\\,’a 
tt'iajx‘raturf‘ consisUait with oIIkt factors will give tJie b(\st vield 
(p.07). ^ 

llabtr Procvfin.- \\\ the ‘‘ Haher ” proet'ss, the hrst. to aelficve 
technical sia'ccss, th(' nitrogen and hydrogen are brought into eontaet 
AvitJi tlie .catalyst at a pressure of *200 atnmsp.heres and a teni()erat.nrc 
of ()00“ (\ Tile ealalysl most generally used is iron in some form or 
otlier, altliongli this is not nee<-ssarily the tiest catalyst apart from the 
(jiK'slion el' cost, 'riu^ A'ariipis catalysis ha\'e already been disiaissed 
uiuler Ammonia {]>. JO.'i). In any. ease, whalew r I he catalytic matorial 
used, it is inijuTatixe in tin* Haber process lhal the reacting gases shall 
1 h‘ as j)nr<' as jiossibhs It is estimated that from 70 to 75 per C(Mit, of 
the working eosi of the plant is in th(' prodiK'lion of pure nitrogc'ii 
and hydrogen. 

In Germany there are two methods of obtaining the* nitroge-n- 
liydrogeai mixture, and both proct'sses iinolvc tlu‘ so-called “ Hosefi ” 
purilieation methods. At ()pj>au. water-gas (hydrogtii 50 per cent., 
carbon monoxide' 10 per cent., carbon dioxiele and nitrogt'u) is mixed 
witli steam and air, and the mixture' passeel oxer a heated catalytic 
rnatei'ial eif ferric oxide' anei nickel or chromium e)xide. The' e*hie*f 
reactiou is thal lie twe'e'n the ste am anel carbon monoxide', result iiig in 
the jiroduct ion of liyelreege n and e‘ar])»m elieexide- : 

CO ; luo (:02 1 iL. 

At compand ''\e'ly low tenijie'ra lure's, nanie'ly, 100 ‘ to OOO'" C., the 
re,'ae.*tie>n proe-e'e'els to a e'onsielerable e-xU'id from le ft to right, and the 
resulting gas now e'emtains nitrogen, hydrogen, e-arbon dioxieie*, and small 
amounts of e'arbem memeixiete', Itydroge'ii snlptiide', argon, anel hydro- 
eai‘]>ons. Carbeeii dieexiele* is re, mo\<‘(l by washing witii wider at- high 
pressure ; ('arl)e)u moneexide* is alisorhed by scrubbing with ammemiacal 
cuprous J'ormate', folleiweel by hot caustic seala, soliitieen, which also 
removes the' hyelrogeu sulphide'. 

The nitreige'n-hydrogvn mixture is uow' lirougiit U[) to Hie reepiired 
ratio 1 : g by tlie- aelelitieai eif nitrogen from a Linele' ))hnd. 

At iMe'rse be'fg, the- I labe-r- Hose-h ' ‘ proe'ess di tiers from that in use 
at Oppaiyiii that I he addition of pure- nitre.men is dis^ie'iiseel with. Water- 
gas is mixed with proelne-er gas “ (e'hie-lly nitre)ge‘n anel ea”bon meamxiele) 
anel steam, and tlie mixture passed through similar esadaet furnaces as 
at Up]iau to ejxidise tlie eai'beai monoxide to the dioxide : 

CO f irp. -(:()o f lio. 

The carbon dioxide, carbon monoxide*, and sniphuretted hydrogen 
are removcel as before, anel a final re-meeval of impurities is e'J'fe'eted by 
jiassing threingh a serieis of small eendael fnrnaers. It is thus possible 
to olitain iinatly (he rigid nitrogen and hyelreigen mixtures by suitable 
adjustment eef tlie* original amounts of water-gas, prexiuccr gas, and 
stoani. Or nitreigcn and steam may be jiasscd over irem.'^ The 
the'orctica) eeensidcrations underlying the* conibitialiein of nitrogen and 

^ f'tujli.s/i Piitint, ( IJ120). 

(.'ukf 'ovt n g;i,s may t'<* ii.sod (Dodgf', ('fif.in. Met. PfXj., 1020, 33, 410). 

■^■■Blackkurei^nel Tlioina.s. EiujUMi Patent, 257080 (1020). 
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h\'(jro^^cii have been (ieail with in Ihe seelioii on tlit' amint'nia-nitrogci! 
hydrogen reaetioii and etjuilibrinin, and it is only necassary liei'c i< 
indicate tlie teeiinical working oil he Ifaber j)r(>c*es.s. 

The purihed mixture of nitrogi U and Jiydrogen in tlH’^j)ro()orlioi 
of oj>e to three is passed into llu* eirejiIato»/ system tiirongii a soda 
lime drier. The gases under a pressure of 2‘)0 al mosj)h(T( s, are pro 
heat(‘d by el(H‘tri<‘a! <’'oils, and eoine into e(mta<*t with the eatalyst whiel 
is contained in steel bosuhs, (> nx^tres by ■<(' em. internal dimensions. 
The eatalyst iikaterial is maintained at ('. t)y nx'ans ot a svsleni oi 
heai n'generalors, and ihe' ammonia i;; al)sorl)ed by Avatta* under jiressiirc 
llowing down ste< ) s})irals. A solution eoiitaining a,l)ont 25 p' r (vent. ol 
anmionia is ohlaiued, and Ihe* imeombiin *! nilrogcs' and iiyflrogen arc 
])assed back into tlje eireiilatory system rtrtc'r drymg. 'this ammonia 
liquor is eitlxa* used for oxi(h«lion din^et to nitrie aeid (p. 21 1), or else 
converted inlo ammonium sulphate by nenl redisation with siilphiirit! 
a(*id. 'riiis latter snhslanee heeame very sc'aree in (Germany during the 
War owing to tlu* bloekadi* of Iht' Allirs, whieli ent oil the siip]>ly 
of j)yriles. 'this shortage of sulpliuri(‘ aeid was o\('reome to a large 
extent lyy the snecvssfiil teelmii'al process of the Hadisehe Company. 
Ammonia gas and earboii dioxidi? are passed simnlta?ieoiisly into water 
whu^h contains freshly calcined gypsjim in siisjuiision. Calemm ear- 
boiiate is precipitated and ammonium snl|>hal(‘ remains in solution ; 

2X11, i ( O, l-CaSO, i-IL(). (aCO, h2(XIl,),SOi. 

.V highly ])nrj{ie<l ammoninni sulphate is obtained lyy eoiKssil r-d ;n.g 
the tiltrah^ in N'aemim pans. 

An interesting modilieal ion of the Haber j)roeess was tried at 
Sheflik hi, Alabama, by the Cnited Stat<‘s Cov eriniHiit Nitrate Caetory 
N<». 1, under \ ari«iiis patents of ihe Ceiieral Chemical <.omj)any.'* d'tm 
catalyst iisiai was an ;»eti\ated sodmiiikh* made' by lasdiiig to 550’ (\ 
piimiek' impregnated willi ni<‘ke! or l\-rrie ml rale, and trejil jng at 150 ’ C. 
Avith sodium and ammonia, wlien sodamide was forn e-! in the spongy 
metal, 'fhe iiitrogen-liNalrog' n mixture, .at tlie nt: 'i\tiy l(jw pressure 
of 70 to too at uiosphei’es, was p.issed over the catalytic malerial 
maintained at a temperature of 500 C. Thi . j)ro('ess was lati a technical 
success owing to ilx' faulty const lamt ion (»f tia* jjlanl and tiie poisoning 
of th(‘ eatiilyst Avilh Av.-iter. baicr the j>roeess was taki ii oAaa- l)v liie 
Atniospherie Nitrogen Company in eonjnnelion Avith the Stavay Com- 
])any of New ^(>rk, and a. sneecssiul production of 10 tons o*’ hftnid 
ammonia per day for refrigerator pnr[)oses wa > aCainea. 

The Claude Process - M.<h'orges Ciande * earefuily in\e^tigatcd the 
e(|uilibrinm percentages of ammonia [nxaluced at V(ay .lU'ch higher 
pressures than those usi d hy tin- Hadisehe (’om[)ajiy in the Haber j}ro- 
cess, and in tOiS annonneed his invention ly Avhi(‘h t iu' use of ])ressnics 
of 1000 atmosj)heres very materially increased the yield of anuuonia. 
Under a pressure of 1000 atmos}>heres and temperature of t;oo ('.•the 

^ For cliaiirains of eatalvst s«'i' p. Ica. 

^ Wolf, (krtmn (OHIO; O.'i.lische (‘eiii|*.aiy. r^Urnf., 

( 1920 ). 

^ (ioiuTal Cliounoal Oompaiiy, Urd d SOdv.'i PnUnts, I J4MM7 atid il tlOtS (1915); 
JUmjli'th ratmt<, 120549, 124700, 121701, 124702 (li)IS). • 

1 Claude, Vompi. mud, J919, 169, 049, lO.'t'q 1920, 170, 17 » ; Knylldi i:}UOH0 

(1918), 142150 (1918), 
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percchtage of rinioioipa r(\HclK's the h iigiire of 25, wlieretts from thV 
table on p. Of) it will be seen that only <S ‘25 per cent, of aminoiiiais given 
at the same tempi ra tore under 200 atmospheres. In addition to the 
odianeed jheld there are important eeonoinics effeeti‘d in4he working 
of Ihe plant, as in the Haber process the maintaining and restoring 
of pressure hv stages is tronbli'some and expensive^ compared with 
the aetnal yield of G per cent, of ammonia. In tlie dande process the 
work of eomj)ression is gri'ater. but since it is f)roportional to the 

logarithm of the pressure ratlV) (A HT log 


proportioii 2 3 to G. 

The j)ressnre is obtained in stages of 100 GOO (000 atinos])heres, 
and the aih antages of the ))roeess are : 

(1) A suirK‘ieal pereentage Conxersion ean heoblained in oiu' opi'ra- 
tion, instead of a. lengthy series id’ eirenlations as at 200 nlmosplieres. 

(2) Liquid ammonia is prodneed in bulk merely by releasing the 
pressure to that of the atmospliere and e(K)ling with w.aier. 

(iJ) 1’lie s])ontaneoiis evaporalioii of ammonia iVom llu' Ii<[ni(l slate 
at ordinary ioinjx'ratnres obviates the expense of ('vaporation as re- 
quired by the llaluT process. 

(4) A useful sourei* of riTrigiratiou is (tnnided in eoneerling the 
liijuelied ammonia ijito gas. which ean he utilised for su].>se(|ueid 
lixation of nitrogen as a IVrtilisia'. 

The second inqKWtanl fealiireof this process, due lo Selireii).^ is the 
iixijig of the amrnouia in ihe form of aumioniuui ehloi'ide. It would 
appear that this salt is just as ellidcjil a feriilisi r as the sulphate,; 
and eo\ild he obtained in larger hulk nuas- cheaply. Tlie ammonium 
ehloridi' is obtained by a niodilieation of ihe Sojvay (ammonia-soda) 
process. Saturated siulium chloride >ohition is furl her saliirati d with 
ammonia gas under pressure and carbon dioxidi' is passid into ihe 
solution, with the formation of ammonium chloride and sotlium ))i* 
carbonate, 


XaCI-i XJl, I COo { lUO I Xatl('().j. 


The sodium l)i(*arl)OMate. being pra^'tieally insolnbh' in sodium ehloriilo 
solution, is ])reeipitated, and th<- hltrate is again satfirated by the 
addition of solid sodium (‘hloriiie. I'urlher treat inead, with auunouia 
and earhon dioxide produces normal ammonium eaiLonati' in solution 
and |)reeipitates ammoninm ehloriih . The ammonium earbonalc in 
solution is eoiucrtcd by a further quantity of carbon ilioxide inlo the 
bicarbonate, 

( N 1 Ji ) 2(:()3 t LO. I lUO 2NU ,IU:()3; 
and tliis ammonium bicarbonate [)reci}>itatcs sodium biearbonale, 

Nll illCOa I XaCL XHI/^ 

dvihg a solution of anunoniurn chloride as in the iirst reaction, 

Ihijicc a cycle of opcratioiis occurs with alternate precipitation 
>l‘ iiodhim' bicarbonate and ammonium chloride. This latter salt is 
)btained l)7 })er cent, pure in two cycles, and as tfic impurity is chiefly 
lodium chloride, the ammonium chloride ean he directly used as, a 
erlihser vvith<>ut injurioiis irffects. 

I ^ >Sclu’(iib, i*a<en/, (1^<85). 
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The chiel' isoiirec of hydrogen for the Claude |Troecss, as worked 
jn Franco, is cokc-ovoii ^^as, and tnve (if t’ne most pronu.sin<< nudliods 
for purilicatioii is hy fractioiialicn: botween -100^ C. and 21 0"^ C., 
wficrcby hjdrogen is oldainod suitalde fo. l;h;' ammonia synthesis.^ 
AcaamJing to (Vderberg,- eHicicnt jinrilioatioj >r’ hydrogen froin oxygen. 
Water -vapour, carbx)fi monoxide, and dioxide, can l.c' obtained ])y passing 
tlu? gases through a .solution of sodium in licpiid annuonia. Of Ihe^ 
various eataiysts used, a material whioli \\ill last for stuno innulreds of 
hoiirs lias been olitaim d by (liioetyig a jot of oxygon into a nmltoa 
..mass of foiT<jns oxide, ir^^n, oah-nnn oxide, and a. small amount ot 
alkaline oxide eontaiMod in a magnesia erneible.'^ 

Cdsulc Procv.ss. The on islanding fea-lnre (h’ liir (a sale ' process lor 
syutlietie ammonia, is I he larg?' seah.- production ol’ek t.'troly lie hyth'ogen, 
pari, of which is hnrnl. in air 1(» give the re<pii.siie nitrogen, 'fhe nitrogen- 
hydrogen mixlur(‘ is liuai jiassed inlo slee! cylinders containing emaxial 
aniuihu’ ehambers,''* so lhal liie wall.-, of the vi-ssei a.iv pi-oba-ted from 
th(' hot hydrogen. pressui'e employed is oOO atmospheres, and a 

sjiccial eaialyst is elainaal whieh Inneliori', in spite of nbitively impure 
iiitrogi'n and liydrogi n. Mention has been nuul<^ tha.t 70 to 75 per cent, 
of the total costs of tlu* lla)»(a' and Claude syulhetic ammonia pro- 
cesses is till* pre[)aralion of jmn' gases sif that the eatalysl will n<»l be 
poisoned." Tlu‘ ('atalylie maba’ial ^ of the Casah' proet'ss is made by 
bringing iron into violent ebniliiion witii oxygen under ])ressurt' in tlu: 
presence of alkaline earth oxides. .Vbi.nit 10 ])er (?enl. of the oxid i': u 
jjrodiict is allowed to vaj)oris(' so as to nanovc* impn ities delrimentai 
to th<’ catalysis. A certain (iredelermined amount of ammonia is. 
niixv'd vvilh tlie mixime tif nilrogen a,nd h> (lrogeii; I he ammonia i.s 
li<jn('li<'(l by nfrigi-ration and an amount epuat to (hat formed removed, 
and th(! gases again sul.)je(-le(l to eatalyds. 

A later patvmt of Casale ' emlKulies tlu- usr of tlu' oxygen obtained 
from the (■l(’eirolysis (jf wat( r. \ ga'^ a.j>proximaling *o Mie (‘omposilion 
of water-gas is obtained In, pa.vsiiig an oxygen-air miNCn'c* into a genera.- 
tor burning lignite or peat, 't his gas is them burnt in oxygi’u in a jiower 
generator, ami the resulting gas.-ons mixuire (d* hydrogen, nitrogen, 
and carbon dioxide is coin pressed by a multiple stage e(nupr(^ssoi' 
v arying from 100 to 1000 at mosj.heres. 'I'lie carbon dioxide is removed 
by passing tlu' eompre.ssed gase.s tluough a n iVigeralor eOoied below 
C. ajui is drawn off in llie h<|Ut i(d form. 'I'lu' L.^L traces oi carbon 
dioxide are remo\<'(l by sendibiug wiih water, ami Ihe u, rog< :>-hy(trogeu 
inixture is enri(‘h('d witli (‘t^el roly lie hydriigv'ii to (d)laj:i the riglii pro- 
})ortions, Jteeireiilaliou of llie uneomianed gasc" througl (lie (aitatyst 
bombs occurs aftei Kunovai of liiinerual ammoma.'' A successiul 
technical plant on the Casale j)riiiei]»le Iuin Ixeii installed at Terni iu 

i- llando, ITUiliT I T.MlOa { ') ; •/. Nof. CVaw. ir-J,, 1032, 41' 

4U'3Aj t>70A. 

N()vak Jlv{liof’l{‘kt-, /i’/ig/bA 20.M77 (1021). 

a Claudts kmflhh. J^nUm, i:,025} (1022); J. Soc. Vh, m. h’J., 11)22, 41 , B15A. • 

CasMo, JL'twIi-ih Patents. I-ISSS;; 11020), 170111 (11)20), lS.7lT;i P021}, lOdTtO (1021), 
193780 (1022), 2U0370 (1022), lOTlw.) ! 1023), 221102 ( 1023), 2210.'>t> (1023) ; VmUnl 
138442S (10.21), MO.S087 l lO-J), 1 U7l2:i (1023). 

^ Casale, IJnitM HUiIm Paiful, 1 t/8al0 (t02tl). 

■ . ' « Casale, ICmjlisU Patents, 107100(1022), 227191 (102.7). 

; : :7 Casale, PuIchL 233040 (1021). 

* FOI? diagrams of catalyst- bombs, sec }>, lOo, 
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Hilly, \vlirr(‘ tin* .^reat walcrfalls provide ample pcnvcr for llic eli'etrolyW* 
hydro^^on (and oxyi^cn). 

initial source of the niiro^reii in tlu' T'anscr 
proe(\ss is licjuid air, and hydroocn of UD \wr cent, purity is ]>rodueed 
ele(*tvolyticiilly. Tlu' sjieeiid advjmtaii^e of lliis process is that when 
used in cojijunetion with an anunonia oxidatioj] plant, niuel] nltro/^en 
(‘.an hr obtaiiu'd from the residual j^ases after tlie oxidjilion to nitric 
acid and oxides of nilro«itn. These yases, which contain rehitixely 
much nitru<^('n and little (»xyoeii, are mixed with liydronm iind paj^sed 
o\cr plidimim aslx'stos. The oxygen is reniova d as wai(a\ ;md jiracli- 
citlly pure nitrogen is now avaihd)le for conihinatioii willi hydnynen in 
1h(‘ ciiialyst cli.amht'r. This td ler t;d<cs the loran of bomb, iuid the 
nitroL>( ji-iiydroo( n mixture i\[ .‘too jitmosidures pressure is passed in. 
Preheating ‘of the i^ascs is eftecli'd by a system of heat interchan_<»ers 
^vhicJ^ makes us(‘ ot th(‘ heat of reacdioii, and the rii^ht tem])(‘ratnre is 
s( (Mired linally by na ;ms of an electrically liealed spiral. The heat of 
the ^ases lrt>m the catalyst ehainber is us('(l !(» \(.»latilise ammonia from 
the solution obi aim'd by absorbing th(‘ gas whi(‘h lias ('seapc'd liijiiefac- 
tion. 'the \\at('r scaves as a lubricant for llu' compressors, and the 
ammonia iilurated from tlu' aejueous solution is obtaiiu'd in the liipiid 
iorm at ter cooling, 'the tauser process offers a \'('ry economical method 
of nitrogen lixatiom givtai an ample supply of water-pow('r jbr pro- 
ducing cleetrctly I ie hydrogen, as a kilogram oj nitrogen in tlu' form of 
ammonia re(juires 17 K.VV. hours diri'ct curiXMit, and [[) K.W. hours if 
in the form of nitric acid. 

Oxidation of Ammonia. The direct oxidation of ammonia to 
nitric* acid has been known for a considerable time, as shown by IIh^ 
exjK-riments of Milner, who. in I7SS. passed a niixlnre of ammonia and 
air over healid mangam'se dioxide with iJie production of oxidis of 
nitrogcMi. Appal ently salt[)elr<' wa‘' made on llu* large scak* in Prance 
during the Napoleonic wars by Milner's method.- 

Kuhlmami'^ in t8;i0 brought :d)out a similar reaction by passing a 
mixture of ammonia and air o\cr platinum sponge* healed to 800'' 

The well-known i{<*lnr(‘ ex})erimcnt * (^insists in introdueing a, hot 
])latinnm s])irai into n llask containing arnim^nia solution through wliieli 
oxygen is jKissing, when a .srM'ie.s of explosions occurs witii tJic formation 
of red nitrous funa's. 

JMany ollur ('aialysis have Iummi proposed from time to time, some of 
whieli ha\(“ Ixeu patiMited ; lhes( include plalinuin in dilT(M-ent forms, 
manganates, ]K'rmanganal(’s. ehromates. biiehromates, iion, iron oxides, 
plumhilcs, platinised gla/ed porcelain, ccria, and thoria. 

In 1000^ an exhaustivt* study was made of tla*. iicct'ssary conditions 
for the oxidation ot ammonia by means of platinum, and [)atcuts wa*rc 
taken out in 11)02 for tlic production of nitric acid on t lu* technical scale. 

T1k‘ linal reaction is probahly sumnu'd up in (he c(|nation 

(l)Nir,i202 llNO^-flloO, 

but actuafly in practice at least four stc])s luivc to be iX'aliscd. 

’ ./, Sor. Cluni. huh, 42. (iOlA; A. y^umbjajKihi, (lioni. (Jltim, hid. Apjd 
192:t5, 171. 

- liliic'U, Jjf chmson (Jhvuiisfrij, Isn.'i, jig. 240, 40.3. 

^ Kuiijinami, Ammli n, IH.MI), 29, 2S(|. 

^ U('vi.si (l hy< Kraut, ibid.t IMiO, 136, (iO. 1, 

■’ OstHald and Rnnirr, Knuli.di JhknU, 098, 8300 (1002), 7000 (1008). 
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. .Thus the lirst product of oxidation is nitric oxide : 

(2) iXlIa IM) 1 OilgtX 

This julric oxide is then (‘oru crh-d into the oxide l)V means of’ oxyi^t'n 
(air):' 

(;5) 2X0 ! O, .2X0,. 

TJiirdJy, the eonva'ision of nitrojjfen peni\id(‘ i]il«- nitric a('id oeenrs 
under tlie euinhined action of oxyj:>‘en (air and \valei; : 

( 1 ) 2X0,-; O ! Il/) ^2ll\0,. 

Finfilly, tlu' dilnie nitric acid thus ja’odneed lias to lx; eoneent rated. 

Oshvald’s exjierinienis were lirst eondneied wdli ordinary smooth 
platitium and atso the linely dixided metal. 

It was found tJiai while smooth jilaliniim I'axonn'd flu: reaction 
(1), tli(‘ ns(' of plalimmi l)laek caused tlie oxidation of the ammonia to 
uecm; taryet}" in tiu' siaisi' of llu' (xpiation 

(5) iXIh. 1 ;K), 2X, j dlldh 

although at the; same time the oxidation, aeeordin;!; to e(jna1ion (I ). was 
aeeelerat(‘d. 

It was found, howiwer, that on tiu' leeJmieal scale pjaliinm) hlaek 
was nnsnitahlc cncii in small amounts. Ordinary plaliimm, in the 
I'orm of spirals or j^au/e, was found to he quite eilieienl , pro\ided that 
(‘orrcel c*on(lit ions were us(xl as regards xolmnes of immonia aed dr, 
pressure and the temperature of tJu' e;ilalyst. 'I'lu required « xyeen 
is fuj'nished hy usine l.tt \-olumes of air to I soliiine of ammonia, and 
this mixture is passexi at. the rate of I d metres pei- second throui^h 
] to 2 cm. of contact snhstaiu'e maintaiiud at (“. The nitric ar‘id 

is condensed in \itr(‘osi] receivers I'oul -d by wal<‘r, whih' muxaidensed 
nitric acid \a|)oin’s arc* passi/d into the i^i^sor|)tion lowrus, wlure tliey 
meet, nitric acid. 

As with other firoeesses. tiure are numerous m-.xldieatioiis of the 
catalyst ^ess(d- the so-called " eon\ < rler.” 

The original Ost wald type is used hy the Xitroi^eii Products ( duijiany 
at Dagenham Dock. Crinkled jilatimmi foil is used in an inner nickel 
tube sm’ronnded by an oiilir iron tube, 'flu' initial liealing of tlie 
catalyst by a hyrlrugeii llanie siaifs the naidion, and the lu.d e\ol\i‘d 
from tlie reaction serves to maiieam tlu- iru-ommg gases at ilu‘ right 
temperature (SOu to MitO’ ( .), ;-o that oiux' started n- xti rnal healing 
is rerpiired. • 

The Frank-('aro converter nsis a jilatinum gau/e h- d< il elec! lie- 
ally, and tJiislyjic i, found to be vers enieien) , ( specially for siqiply- 
jng nitrogen oxides to the chambers m snlplmrif acid manidaeture. 
The Kaiser patent’’ was llu‘ lii'st. to utilise innltijile super-imposed" 
gauzes of platinum in close eoiilaet, and tlie pixheating of* the 
gases to 300‘~I()()" (’. This new featun' is the basis of all modern 
developinents in the oxidation converter, 'flic Parfingto^i At (km- 
verter^^ inak^es use of a modilied Frank-(’aro type, ind consists of a 
top and bottom cone of enamelled iron, eontaimng a vertical double 

^ VarioUH oxiiiiss of jiitrogm niav- i.x' gr.Hlutrd at (lilleiviit i An(lria.-)f(uv, 

Zeitsf-h. nfujew. ('hem., 39, ;’i2h. 

2 Kaiser, 2U:KV> (IlUO). 2 !(»;{:» (krnntn^hdetd, 27 V^J7 (IfiJI). 

® Fiwtingioii, J. Soc, Cficvi. ImL, IIUS, 37, il'tTK. 
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layer of }>lr)taiuirt gauze with an exfKjsod surlace 0 inehcs by 4 
nuule wiili wire 0-002,5 inch diameter and SO inesli, The g^asc'ous 
juixhirc'is ohtainod by blowing air through jmre 2.5 per eoiit. ammonia 
iiijuor, and the propnrtion oi‘ constituents is 7*5 volumes ot air to 
1 volume of ammonia, which is that recpiired ilieoretieally to give nitro- 
gen Irioxide, NaO.,. 'rive |»latiiiUm gauze is la atf H externally to 050^- 
700' t\ initially, niler whicli live temperature is maintained by the licaL 
of the reaeiion (220 ('als.); preheating ot 
the gases to about 400' -000 ' C. improves 
tlit‘ yield. The eon\ er,sioM ellieieiiey is I’rom 
02 to 05 per eeiiL, and the output is 1'5 
tojis of nil lie aeid ]H‘r sf juai i' foot of eoii- 
verli'r eross-seetioii (2 square fei't total 
gauze area) per ( wc iity-lonr hours. 

A eonverliM' of (lie ah-ow' <lii)iensious 
is eapabic of supplying a laig-e ehamber 
snlplmrie aeid |»hnit with all I he iieeessary 
oxidos of nitrogen, thus eompletely dis- 
pensing wilh niti’e pots. 'I'lii' aboM‘ work 
by l*arting{oii was earried out for the 
.AInnitions Inxiaitioiis l)(*paii inent. and an 
inlt'ixsting feaiiiie was ih(' separation of 
walir fujin tlu‘ oxidalion pi’odnet (if tlu* 
eonverti'r by rapid cooling. 'Die eqsiation 
expicssiiig tlie reaeiion 

IMI,- 50. -1X0 f OILO 

shows that riano\a! of steam will residt in 
a ('orisiderabh' eoneeiitralion of I he niti ie 
oxide, although of course I he eondensed 
steam will eonlaiu niliie aeid wliieli is 
worth eoneeidraling oi‘ absorbing with 
alkali. The furthm* oxidation of the i>\ides 
to nit l ie aeid is brought about by addition 
of secondary air afti r the coolers. 

Partington ’ has mueh furl lu'r jnij)roved 
tlie eilieienev of thi' abo\(' nt con- 

verter by the substitution of oxygen for 
air. whereby an almost (jiiantitative eon\ersioM is obtained. 'Jhvogaiizes 
in eontaet are used, and,, in order to damp down the (txplosivc mixture 
of ammonia and oxygen, steam is jnixeit wilh the gases, which are 
preheated to 500'' 'fhe eorreel mixlnre is obtained Ivy \ olatilising 
ammonia liquor (sp. gr. in suHieient oxygen, i.c. that reijuired to 
; completely oxidise tlie ammonia to nitric aeid : 

XU, f202 HNOa I IIA 

. Direct eo vling iifler conversion results in the production of a fairly, 
coiioeutrated aeid, and absorption is dispensed with, 

Partington has dctermine<l e.xperinientally the various eonvtemn 

V I: niiai s Pafrut, l,’J7S27l (ItWl). 

fj A VL’tority may <a)taiiif;(t t»y llit^ use of a ilat, narrow reaeiion , chain 
Cederbt'rg, 2iOS8il' (1920), 214134 (J 927). ' o * . 
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■ uhijniic({ by various iyix^s of ('ouv^tIxts, and hi^ results rtre 

tXbuiab^(i below : ^ 
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If'ormation of Nitrides. Many allcmpls Iium Ivt ii nunlt' to liv 
at]ii(is})l)t ri(* in tlu' I’orm of m< laliic nitrides. AIN. 

(le.. by ib(' <fir(el eonibinalion oI’IIh' elements a( a lunh lein- 
jK'raiure. Tbe pindiiel mn of Minninma is tiien elTtcted by tlie <le(*oni- 
|)ositioii ol’ lbe'-(‘ ('umj)onnds l)\ water or sti'ain ; 

AIN ;di,() Al(()!l), i MI.J. 

Sn-pvl,- Procr.s-.s. ben aJnmininni is be. bed in an at uio,s|>ber(‘ ol' 
liilroyc. n tbe nn ta! inejfases in. wt iybt .-md when tlu' piodncl is fused 
\s it b |)otasb, amnioni.i is (“, ol \ < Alui? iniJim also 1‘onns a nitride 
when iieated to 700 (’. in an atmosj>ber< (b’ .ammonia.'^ Tbes(‘ oi)s(‘rVti- 
tioiis are tlie basis uf ib(‘ Sei’K-k ' inocf ss of lix’iij; .at nue I'laaO’ nilroii'eu 
^as, \vbi«'b was woiked leelin.iealiy ior a liini' in (be v'sa'.’oy. 

Finely di\'id('d alumina. (AlA).,). heated by lOrnac'e i^rst's, jeasses 
down an inejined tnlx'. is mixe<l with r.o\\d( ksI <'ok('. and pa.^ses Ibrouirli 
a /.one e!{ el rieally heabal t(* t-SOO' C. I( tlieie meets a (airrt. nl of 
niti'oycai deiiwd fntm llit e<.i!!i)i slion of j»rod'!('( r a.'.'', with tb fmana- 
l.itm of aluminium nitride .and carbon monoxide : 

AU(b, ibi iX. 

The cau’bon monoxide, mi.xvd with more a.ii. is bi.rni to b' a! (be tiist 
tube tJu-ou^li wbieb be ('old alumina is inirodneed. 'rue .aiuminium 
iUlridc readily hydrolyses esjHci.tlly v. itb watir mnbr jtressure, and 
tlie bydro.xide produeral can be used for ibi' production of metallic 
ahiniiiiium. , . 

Originally tbe mixture of bauxiti' .and carbon was liealed in contact 
with nitrogmn in rotating furnaet s, but l.ater Serpek ■* use^l a short 

* Adaptf’d fruni .;t l>uliumirif of Appird ('hLntialrtp by 'riiur[rt', iv ( ljunattiaas, 
1922). 

^ Brkgkb find (ifnither, Atniala)}, 1 .S(I 2 . 123. IJ.S. 

Wldte and Ivir.selibaujn, J. Amir, ('ht )ii: Sor., IIKMI, 28. ISI.'j. 

•k‘ Ph,'fjlM Puiap, 1^089 ( 1919). » 

; ,Vi^rfK.'k, Zeitfich. Kamj/rimuik Jlii-iK OV/vr, l;)lt, 16, r>b. 
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chamber in which the mixture, preheated to 1 250''-'] .‘iOO' C'., meets tlie 
e urn 'lit of jiitro^en. 

With ' rei^anl to the ineehatiism of the reactions oeeurrinj^ during 
the ])roeess, iSerpi k assumed that aluminium carbide, AI |C.^, ivas first 
formed, wliieh redueeci the remaijiing oxidt; to the metal, 

Al.,('3-i AI.O;,- GAI -i tU O,’ 

and tlu' aluminium then eomliined directly with Jiitrogcn to form the 
nitride, 

OAI I OX, (5A1X. 

The ju'esf'iiei' of certain impiiriti('s, sueli as osidi's of iron and eop]ior, 
acts eatalytieallx , so Dial banxiti', whieli contain, s iron oxide, is a good 
raw material, 'i’he ikidiselie l’(un|)anv ' aeeeh'rate tlii' n'aetion by 
mixitig witli tlu' alumina and eoa! 5 to 0 per cent, of oxirles of silicon, 
titanium, Nanadimn, ( b*., which th('msel\es form stalile nitrid(‘s, from 
whieli th<' oxides can la' ix'covcn'd and used again. 

Tli(' pn'st'ruM! of such ealalytie materials also ('iiables tlie reaction 
to proceed at a lower trmperatnre' lhan would be possible with the' pure 
alumina. Tiie formation of aluminium nitride lugius at I lOO ' and 
the yield increase's with temperature to a inaxinium at tSOD ’ to DSoO" D. 
Above lOOO liowcAcr, smaller yields are oblaiiied owing to the* dis- 
soeiatioJi ol' aluminium Jiilriele into its e*onstitiients. and at 2000'' D. no 
nitride' ivas feirmed at all. 

Although othe'r metals, siieh as litliium, inague'siimi, (*aleium. ele*., 
form nitrides rexielily, tlu'V are too e'xpc'usive for tie'linieal use owing 
to the dillieulty of ree'overing the- metal from the^ hydroxide proeluced 
after hyelrolysis. lienee alnminium is re'ally lh<' only suital'le nie'lal 
whie'h has bee'H the subject ed* tee'lenieal investigation. 

fn actual praetie'c the' Jiydrolysis of tlie* aluminium nitriele is bre)ught 
about liy iiu'aus of alkali, 

AIX i .‘iXaOl I A I (( ) Xa f X 1 1 3, 

and the' sodium alnminate can l)e' e'ither ee)u\(‘rb'el by Die' Datwer pre)- 
e*ess “ into pure' alumina, whieli is again used for making tlie nitride, or 
Die metal. In the Serpe'k process [lotassiuin hyelroxiele- solution was 
used in insntlieie'nt amount for the' formal ion etf Die* aluniinate', so that 
the alumina remaining served lei ibrm fre'sh e|uaiitities of Die nilrieie. 

Formation of Alkali Cyanides.-^ The synthe'sis of potassium 
evaiiiele by lieating a mixture' of |)otassium earbouale ami earlion to a 
bigii teiujieralun' in an atme^splu-re of nitrogen was lirst dise'overeal by 
SeJieele in 17<St. J5mis«'u anel Playfair ^ in INbS inve-stigatexl the 
reaction hetween atniosphe'rie nitreigen, potassium ami earlion eom- 
poimds, following the discovery of J)a.wes in D>.‘]5 that potassium 
cyanide was a jiroduet of the lilast furnace. Jma’den tally it may be 
mentioned itiat it''* lias recently lieeii suggesteel that about 1 per cent, 
of the nitrogen of the air blast eeirld be* recovered as eyanieie witheiul 
interfering with the [ireiduetiein of iron in the blast furnae'e. 

' ttadisclic (Vnujinny, tUrman 2tl}8;j5) (1!U2). 

“ "fills .scrir.s, \ ol. I\'. 

■' S r uls«> uiulrr ( yaniiic.'^, this Serie.s, \ n|. V. 

* Uiin.srn .uiel J. Hf-ixtrl, I84r>. 

^ imtiiDiut, J. 'lnd. 1021, 16, m. 
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• Jiany atl<‘Fnjjts have been made t-o n)aiiiiruetiire potassiiim eyanidc 
from the carbonati', carbon, and niiro^. ji, b,:t the /greatest: drawbjK'k 
is the deterioration of the fiirnaeo bv ti»e matr'rials used at'llu' hii^h 
temperature re<juircd. Jt luis Ix en found j)Oss;Ml, }iowe\ er, to prepare 
teehnieally pure ])otassimn cyanide (and so.'irm eyanide) iiidireelly 
by fusing- crude eaieiftni eyananiide, ('aXC’N, witli the eorrespoudin;;' 
chloride or earboiiaie : 

CaNCX t 2K(d i C- C'aCU i 2I\CX ; 

• CaXCX j XaoCO, i i 2Na(:X. 

\\l Htuch a: rro iui^s . Interest in I lie original eyani<f ‘ syinlK sis '.vas 
re\’ived by tlie exhaust i\‘e in vesli^al ion of ,1. I'/, ihn l,er ' inlo live 
firoduetion of cyanides as a method of niiroL>{'M lixalion, and \arious 
patiaits Mere taken out during llie years l!U I (o l!)t7, Kssi'iilialfy the 
process consisis in ttie reaefion between sodium earbonati'. ('arboii, and 
nitn)f(en at a JtiiLili temperalure in the ])res(‘ni*e of iinely divided iron 
whieli acts ealalylieally : 

|K: i NX 2Na(:N i .‘U'O -• 1 :5S,r)0() calories. 

As regards raw materials, sodium eartxmab' in 1 h(' conma reial Idnu 
of soila ash is used : coke, ( ither nielallureieal. pelrohMini, or pi{< h. 
may lie i inj)loy<-d willi technical suee<‘ss, I he laller form lieiiiLj; practi- 
cally asliless, which ol.iviales tin* jx'iiodic remoxal of material; xsitli 
r(',2ard lo the nitroifi'ii, it staans that at |)r('seni Iher • is insnllici* i" 
(lata lo dett'rmine wliclher [)nre nilroi 4 <ii or jiroduei ’ yas lia^ any 
spi eial advantaei's. 

Th(‘ Iinely (lixided mixliire of soila ash. eokx', and iron is made up 
into liriijiiettcs. xxhicli arc fed into exli'rnaliy heated .'erfieal riMorts 
heated to hOO' !)50 ' and nili oi'.en j :iss( d into I he n torts under 
sljeht pressure. 'I'lu; reaelion is of a emnplex naliin.’, hut jirohaiiiy 
tlie iron assisis in the reduelion of sodium earbonah to tnetallic sodium. 
After four horns' he.aliiie' the liual product yieiderl 'uanidc to tjie 
extent of a .'70 per emit, eonxersioii of sodium carboualm Hiielu'r 
projX)S(‘d lixixiatiou of the eyanised material xvitb water to I'Xtrael 
llie (cyanide as such, Iml I be ehii'f disadx aiilae'e is the solution of iiu- 
chaui^ed sodium earbouale. If s(/dium eyanide is ivquired. Ili<‘ proei ss 
worked for some tinu' by the \dro,".ru Freuluels (’ompauy xx'(a;;d seem 
lo lx; advaiitaLieons, wlierebv li(|m(', amiiKUiia was i.nal lo leach out 
the cyanide, upon xvhic-li it excited a si leelixe solxi iit a ; on. 

t d’iie oridnal idea, of lhn#hm- xvas to li.x nitiv)yen as ammonia m' 
ammonia, derixatix es, ehielly by hydrolysis ol’ llu' eyanidr 'I’lius, at 
relatiw'lv low ImujK'ratnres tlie production ol aiiimonia and sodium 
I formate occurs, 

NhiCX f 2ll.d) HClKINa !-X i-OkOOO calories., 

and any eyanati* which has been fornu'd by oxidalion is eonverled into 
ammonia, carbon dioxide, and sodium carbonate ; • 

2XaN(^0 i ;31I d ) Na,/' O., i 2N 1 1 ^ i t ( ).^ i 1 5, .*3 It) calorics. 

At Iii<^bcr temjieralures ( J(K) ’ to aOU ’ C.) the liydrolyiiSFof jihe 
cyanide occurs, xvitli the formation of sodium formate and amnionia^as 

* • J. E, liiiclxM’, r/. Ind. K>nj. Chi w IU17, 9, 23lT. 
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berorc, but the lonuiiie/is broken down lit tiud; temperature iiito tlic 
tvnrboiiate, hydro^^en, and earboa in<)noxide : 

2UCO()Na= -Na2C()34 CO f-Ii 

'.rill' .sddium carbonate pi-odueed could lie rofurni'd to the cyanisin^r 

liueJicr suir^^csted that furtiier de\ elupiucids of Ihis process might 
consist (A heating tfie cyanide in air, wliereby oxygen would be removed 
Irom the latter to form eyanate, and Hu* nitrogen eould lie used for the 
eyanjsing lurnaee. Ij, then, onedialf of the eyanate were heated witli 
water, production of ammonia and sodium biearijonate would occur : 

NaXCO I 211 ./) XalK O.J f NII3. 

'J'he other half of the eyanate would react with this ammonia and 
earl)on dioxide (produiti'd by burning tiic carbon luonoxidi' from the 
eyanising furnai'c) in the ])i-e.senee of water to form ammoniiim eyanate : 

NaXCO i Nil. ! II/J j CO. NaliCO, , NiJiN(X). 


Intramolecular change eonxerts animoiiium eyanate into urea : 

NIIjNCO -C0(NII.,)2. 


Till' ]>(.»ssil)ilil >' of a cheaj) large' s«’ale prodnclion of urea i.s attractive, 
as modi'rn research indicates that this subslanci' is idi'al for fertilising 
pnri loses. 

An interesting moditieatiim of the Jhieher process is thi* snbjeei of 
patents liy H. Jaeobs ^ of the' K. J. dii Pont de Nemours IVwder 
('omjiany. Instead of briquetting, tiu' addition of o per cent, sodium 
lluoride or eliloriite is made, which acts as a tlux. Further, ;i reactixe 
form of earboii is used whieli is ohlaiiu'd by ineiuerating blaek li({uoi.’at 
200'^' to f'lOO' ('. 'riiis latter subsraue*' is piodueed from tlu' iligestiou 
of wo(;d aud other eilliilosie uaderials with eaustie soda. 

Tiie composition of a typical charge is : 


Sodium e.'irbon.'ite . 
( arbon . 

Ferric oxidi' . 
Sodium lluoride 


JO ))er eeni . 

10 

I.") 


It. is claimed that at !t2.V to a to !tS per cent, eonxersioii 

ui’ sodium earbouali* is oblaiued iii two hours. 

After alt \olatile imdler has been ex[)eiled by heating, iiitrogeii in 
the form of producer gas is pa.ssed in imder a pressure of 20 pouuds, 
aliove atmospherix*, and this is eonlimied until no more carbon monoxide 
is e\ oh ed. This gas is utilised by mixing with produei'r gas and hurniug- ■ 
under the retorts. 

Extraction of the mass willi water yields a 90 to 98 |)cr cent, pure 
cyanide after erystallisation. The above description of the modified 
Jhiehcr process is given, heeause it 'would apfiear that the original pro-' 
cess was not economical enough to fulfil expeidatious. According id ' 
Guernsey and SJiemmn,“the meeJianism of the reaction is the rcdnctipriX 

: ^ Jacobs:, h'ndHsh fWUnt, 200W2 (i:)32); V/.X. t (lt)24). . .. ' - , 

■ ~ (Jii.irnsdy aiul NhcnniUi, J. Anm. Uhem. I!)2.3, 47, J932,; yi'c abo (Juei'Jawjy,,-.' 

\^'0, Bialiam, ajui $’henuaii, Ind, iiJtuj. Vfn'tn., 18, 243. ' • 
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of f'arboiiato to metallic ,so*{nnn, u’l>ich Hu n forms soiliuin 

carbide, and this latter eon>|K)und reacts with nitroij^en to form the 
cY>ini(b^» assisted by the iron as eatalyst. 

. ; Ueferenee shonld be made Ji! o; to the fact tied at. po'sent (he only 
lari^a:' s(‘rde production of sodium eyani<le is Ihc i !stiu‘»*-j{o<ssler [)roe{'ss, 
the sole rii^hts of wliieh are owned by lint 1) ii'seju^ Cohl nnd Silber 
S{‘heidenanstalt. In tins jn'ocess nieiallie st)dinni ;ind ammonia arc 
caused to react at to C., with ihc fo' i.'.atifm of sodainidcr 

. • (I) 2Na i 2Ml.-:-2NaXI1. rHo. 

The rnoltiai sodamide is Ihcn bnniidd iob) contact with red-hot <‘hairoaJ. 
th(‘ tinal jirodnet hein^^’ sodium cyanide, wliile sodium ('vanamiit is 
formed int<a imdiately : 

(2) 2Na\n, i (^ ..Xa.XCX ][. : 

(:i) Xa.X('X“ i (' 2XriCX. 

It lias aln ady lueii mentioned that the sodium cvanid(^ nias' be 
used as a polential source of ammonia by livdr<»lysis willi sicam. It 
ninst not be o\etiook<'d, bowever. that sodium eyanidt* is Immuh' used 
lara<‘ly in the ok lallnr<»i<*al indnstiy (‘spcc'iatly in y(>ld extraction, and 
also tbal it has a iimiled use as an ins(‘cl.icidc. 

Ihu'i'tnn ()/aHtdr. In tlic description of tlu' cyanami(le [h'mcc.v,s 
(infra) rctercnce is made to the sininllancons formation of calcium and 
barium cyanides and (yanamidcs by licalin-- the c.arbonates and carbon 
in nitrogen. Many attempts lja\(^ been mad(‘ t<.> maiii.'i'aci nre Ijaiimn 
cyanide as a source of ammonia, l)ut at the present lime it woiihl scc'in 
tlial this process i)as not de\ eloped into a. e<)minereiai success. 'l’hcr<‘ 
are two lines ahaijr whieli invest iyations have be(‘n made : the lirsi, a 
sin<^de-si ai>e process whieJi r<*sembhs th<‘ Hi cher proetss for sodium 
(yanide, jind the s( cond a tw<i-stayv pnas-ss- 'iosejy allied to the inami- 
faotnr(‘ of eyananiido. The (iis! process consists in tiihjuett a 
mixtnrf' of barinin earbonab' and carbon (jiiteh or tai*' and passinif 
nitro^'i-n oN'cr the mixture iieaied to iOOO’ -t 100 ’ C. : 

l]a (().5 I ;K' j X, Ba((’X)o i 20). 

In the seemid ju-oeess, th<‘ lirsi staiJ<‘ is the production of liarium 
carbide by luaitiiii*' ])arinm oxld(' and e.n’bon in the electric' fnrii.- ce : 

GaO i ;iC HaC, 12( 0. 

I’hc second sta_i>e is tlie forniidion <d' h.arinrn cyanide' In t?vatim( the 
carl)ul(r with nilro/jyn at alxait 1000' C. It is probable' H:a( barium 
cyanamidc is formed a:, a i inlcnuc'diatc prodnet : 

llnC. i X. HaXCX t('; 

ihiX('X ! (■• na(i:x),. 

'The barium cyanide frenn eitlu-r [iroec.'ss may be treated with ;t' a,m, 
when Jlydrolysis oeenrs, with tlie formation of ammonia arid» barmm 
hydroxide : , 

■ Ihi((:N)2 i flip ihi(OlI), 4 2X14 i 2(^0 

Theorelically, the barium hydroxide' can be utilised ai*ain for Aio 
procluctioa of ^cyanide, lait; considerable , practical^ ditlicnttd s iifu 
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encountered. 'I'he lii^h. initial cost ol‘ the barium carbonate (and hydrox- 
id<‘) eompartjd with tliat of calcium carbonate is a ^r(‘al disadvantaj^e 
in juakiiio' a comparison of the cyanide and cyanamidc [)roc(‘sscs. One 
ol llie ijfreat ilrawl)acks of tiie barium cyanide pro(’(\ss is t]i(‘ corrosive 
action of the moHen cyanide ii}>on (he n torls owiii^f to the hi^di tem- 
perature employed. Heceidly, Askc'uasy ^ has suL(L‘(‘sted that this may 
be obviated to a larq:e extent by usin<>' a carbon of low ash content, 
siK'h jis p('ti'ol('um coke or soot, ^rhis sJiould be pri'heated to a tem- 
perature abo\e that emf>loved for its production, and should also he 
treated with oxygen or (•hlorine., 

Another method- tor obtaining- ati irdimate mixture of barium 
oxid{‘ and eai'bon is by dreomposiinL^’ methane with hot barium o\id(', 
th(“ particles of wJiieh beeouK' coaled with earl>on partieh's. 'rhe 
hydroi'en from the melhaiu' is utilisial for pro\'idino- I u'mI for the liirnaec, 
and also tor the read ion of the mixture of barium oxide and earbon wuth 
atmospheric nitrt>ii‘cn as <‘vanid<'. 

Ihldrucjianic Acid. Il would seiiu desirahh' to indieat(‘ |)roeesses 
which ha\e luon pro})Osed t'rom lime lo lijia lo tix atmospheric nitroneii 
in Ihe Ibrm of liydroyeii cyanide. .So lar, liowiwer, lla're is no larce 
scale ])rocess of any importance^ which makes ])raetieal use of the 
synthesis of hydrocyauic acid. 

Herthelot'^ discovered tiiat acetylene* and nitrog(‘u combined to- 
gether w’ith the aid of (‘lectric sparks to form hydi’oyen ('vaniile, and 
that the reaction was reversible : 

CJU ! 

Later, Dew'ar showasl that a mixtun^ of hydro'^'ii and nitrogc'u wlieu 
passed through a earbon tube la'ated ext('rnally n-sulted in the pro- 
diieliou of iiytlrocyanic a(!id. 

Iloyerjuami repc'aled Herthelot’s syntlu'sis bypassing a mixtiin* 
of 2 volumes of nilrogen and I xoliime of acetylene through a earixm 
arc, and obtained a. (JO lo 70 per cent, conversion of acc iyh'iie into 
liydiTK yanie acid. 

(iruskiewicz '' tbmid that hydrogen cyanide was produced w hen 
sparks w’cre passed thnjugh a mixture of carbon monoxich*, nitrogen, 
and hydrogen, Lipinsky" corrsiderc'd tliat (he carhon monoxide was 
iirst reduced Iona thane, on account of Ins experiments with a mixture 
of metham* (from natural gas), nilrogen, and hydrogi'H : 

2CI1^ pN. 2IICX 

Ia])insky’s metliod was tried on the tre-lmical scale at Neuhauscu in 
Swatzeriand in 101 k when a (piantilative conversion of metiianc into 
hydrocyanic acid was claimed. 'I’he mixture cousisti'd of 20 j.)er cent, 
methane, TO per cent, nitrogen, and 10 jier cent, Jiydrogi-n, wdiich was 
passed through an ant bctwecai platinum ehclrodes froju a 2200-voli 
alternating (turrent sup[)ly. The liydrogcn arid excess of nitrogen were 

J Ask<'/ii\sv, (hruuui. Pukut, a<S20tl {I!r2*0; M<'t/.got, ./, Sue. f '/tuni, Ind,, 1U21, 43 , 
Ota 

■ li. Lf'iiU, ik-rniHn 3()1 S(>4 fl02()) ; J. Soc. Vhria. ImL, lOgl, 43, 1330. 

■’* a-rt helot, I'oiiijit. nud.^ ISliS, 67, 1141, 

^ l)«wvar, Pror, Hoy, Sor., lS 70 , 29, 1 H 8 ; IS8O, 30, S-V 

Hoyennann, ('hi. m. Zt il., 1002, 26, 70 . 

® r^ruftkiewic/-, ZciUch. PUd'Uochcni., 1003, 9, 8,3. 

* ' .14|jin8kv, ihid.ydOA, 17 , 701. 
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(‘inpl^^yed merely as a. diluent, and il is state<i that 30 yranis of hydro- 
e\u>n]C acid per K.W. hour Were oldained.' 

A somt‘whai dilTerent. nu‘iliod ol' eausii.ir <fiv ‘oes ( arhon and nil n)<>'en 
eoinpcamds to eondane was used hy neindl,- who employed a. ealalyst 
material eonsislin,i»' ot a inelal, its oxide and nil H.i< - 

Tin* t‘Jiemis(*herfal)rik (iriesheim Klektron Topose llu' passini^ of a 
nitrogen-hydronen ?ui\1nre over eoke in an eleelrie j’nrnaee; while a 
more recent process }>y Ihe Norsk Hydroek klrisl.. Jv v at istofakt ieselskal) ^ 
makes use oi‘ a lilowmare rnrnaee of the Hirkeland-lsyd(' lype, Ihi’iniyli 
whiel^a mixture of Jiitrot^en. h\ (lroL,en,^and :T hydroearbon is pass- <1, 
T]i(‘ sul)se<pi(ait Ireatmenl of the h\’droeyani<' acid is eilher ibi* Hie 
|)n)(ine1ion of eyanid(‘s by abs<»rplion wilh alkalies, oxirlalion by lairniny 
in air to nitric oxide tor conversion inlo nilrie acid, < r hydrolysis wilh 
sU'am al a hiyh temjieratmx' with tin rormation ol‘ ammonia. 

(lyanamide. Some ol‘ lh(' earlie st (‘xpca lnK-nls for I lit* prepara- 
tion of eyanamide compounds werethos(‘ of Maryiieretle and Sonrde\ al ^ 
in JSOOin e-omu'ction wilh the preparation of barium eyanitle, Jia(l'X).j. 
by lieatiny a mixlnre of carbon and barium carbonate in air. d'he first 
technical application was used by the Jhidisclic ('om])any ‘ in who 

obtained a mixlnre- of Hie eyani<lc and eyanamide, ik-iN'fX, by healiny 
the niixlnrt' at 1500 in an atmosphen* of nilroijen. 

'riic use ol barium carbide msti ad of (Ik' mixture* eh' earlamale mal 
e-arbou was introdneed by I’rank ami Caro’* in ISUS, who Ibimd ihal it 
the* carbide is use*d in larye lumps, barium (*yauide‘ is almost exi-lnsiM ly 
prexiueed, whereas a. \ ie'ld of 70 per ee iit. of barium eyanamide ’■ 
eiblaiiied it' small yrauules of earliide are use*d. 

d'he le(*hiiieal maunfaelure of alkali cyanides for yold ext i'a<*l ion 
by bisiot' of the* mixture of e-yanide and eyanamide with alkali 
e'hlorides was made* use of by the (iold und Sdber Sch'-idenaiislail ol' 
krankl'iirf 

VVb'Ckilciuni Cyanuniitle. The snbsiitiili -n of ealeinm (*ar[>idi‘ for 
the' barium (-(miponml l)V Idleyc i*, Hothe, ami kreund<*nbery (*auseel 
the process to become nioix* ee ononiieal. and I'raidx and ( ;"o '^ j}al.e*nted 
the jM'ocess (iiiriiii^ Hu* years ISOa !1.S. 'The real impctiis oi\en to the 
te*ehnieal pr{)ehietie»n ot eale*ium eyanamiih* was I lie discoveaw in IttOl 
that this snbslane*e could be use<l diree'lly as a rertihsi r. 

The essential male-rials for the mamiraetniv of eah-ium eyanamido 
are lime-stone, carbon, and nitroyeu. 'fin* pn. luelion ol ealeinm arl'ide 
is e'l'f<‘eted by lirst bnrniny tla- lime-'-Sau: (TaCO;.) to 'ime (('aOj, and 
then fnsiny of tiu* lime with carbon (antlu'aeitc coal, eeike) m an 
el(*ctrie furnace ; • 

CaCO^ ( aO ; (■().; 
aO i 31’ ('a( 

I II. Chun. Mri. ICnj., 11)20, 2 M. 

^ Heimll, Kn<jli.sh Cid'-nl, lo:>*JI. (lOl.'i). 

Norsk UyeirorlokU'., lun/ICh ra!rnl,T.iMSl (IDiV)). 

‘ Ckuidc, hhnjlCk riilinl.>-, |027, 1172 (tSOO); .Al.-u'i^urtctte ;ui<l Sunoicval. 

Tend., 1800, 50, 1100. • 

^ Haeii.s(’li(* (Vuiijiaiiy, (h.nniin Vc'inti, 11)00.771 (11107), 11)7301 (III'jS), 

“ Frank and (\\ViK (M'.rnmn. Cnlrnt--, I0S07I (lOuo), 1I0HS7 ,1000), I iiiOSS (lOOO) ; 
hJngliJih Pntent, 2.7l7r» (180S). Si-(‘;ds<i >'ii Iwt iii , Zt it'ch. anxjnr, i'lnm., lOO.M. i6, .733. 

’ Ibank and Caro, (fcrnuin Pnlriil, 212700 i lOOO). * 

® tY‘*nk and Carr*, Zcilsrh. n.inji-n'. f'In lOOi"', 19, S3;7 ; 100. C 22, 117S, 

" See this seMio.*^, ol. HI.,, Fart J. 
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Tlie direct (ixaiion of iiitro^^en is broii^dit abr)nt hy heatiiiir^ llie 
powden'd cnleiiun carbide in jnt atniosj}here of nitrooen : • ■ 

CaCy -J-Ng -- ‘CaNC'N -f C. 

As ill other fixation })roee,sses, one of the most important t^o'ids 
with the eyanamido process is t lu? snhstanees. 

'J’hns Die inilial raw material liniestohe -irnist eonlaiiTiHmTjTnf'^jlH^ 
cent, of calcium carbonate witli relatively small amoimts of jna^mesimn 
carlionate and oxides of alu.miniunK otlierwise Die Ihiidity of the carbide 
is d(‘creascd. Silicon and iron tend to prodree ferrosilieon, \vhiclei»ivcs 
fiiriiae(‘ Ircndih* and dillicnlty in i^rindin^' the earladc. Phosphorus 
in Die form of ealeiiim (vhosphate is very deleterious eviai in small 
(piaiitities, as calcium jdiosphide is imuluced in the furnace, wliiidi with 
moisture ])rodu(*(^s phosphine, and is (\spceially object ionalile if 1 h(‘ 
cyanamide is hydrolysed t(» ammonia which is siibseijiicid l\' i(> be 
oxidised to nitric acid. 

Faniittiioif of CidchDU Fifoiuunide. Calcium carbide is linely cruslu'd 
and lasitcd in contact with nitrogen under slight pressure, when absoi’p- 
tion beynns at TOO' to SOO" C. and becomes rapid al 1000' C. 'flu^ 
eipiation 

Ca ('2 ! Xo -'-CaNC'X I (' ! 07, SOO calorics 

shows the reaction to be exotliermic, and once startl'd, tlie heat of 
formation is sullicicnt to carry tin* jirocess to completion. It is obvious 
tliat an abundant supply of nilro^jen is neeessary, and this is M\ai(‘r;dly 
obtained from thi^ liijuefaetlon of air by either I la* Linde or Claude 
rcetitieation t>hmt. althonub in jiart of t.be Niagara works nilronen is 
obtained from air liy Die coppcr-cujiric-oxide reaction. Thi' absence 
of oxy,ii'en. moisture, carbon mouoxidi', ami (;arb(>n dioxide is vi'ry 
desirable, otherwise various by-reaetioiis lake place, dee.reasiui*' the 
yield of I'vanamide : 

Ca(‘o f 20.> (aCOy i ('(); 

CaC., fldlA) ('a(()II)., ; P>Ib>; 

CaC.. : CO t’aO r dC ; 

2Ca(’2-|AA),.. :iCa() | 5(\ 

Moissaii ^ found thal pure ealeium carbide ami nifro^i'ii would not 
react at 1200' C.. but Hoihe" diseioi'red that nitriiieal ion proci'eded 
rapidly il‘ Die crude carbide was usi'd. It would a]){>ear that some form 
of eatalytie maleriai was necessary for the reaelion, and Pol/ienius ^ 
[latented Die use of ealeium chloride in l.OOl. Tims, whereas w^ilh uo 
ealeium ehloride there was less than 1 per cent, of nilrocen absorbed 
in twelve to fourteen hours al 730 ' yet under the same conditions 
A,vit}i 10 jier cent, of ealeium ehloride 18 |)er cent, of nitrogen was 
absorbed (as against 22 per cent, theoretical alisorption). 

cThc disadvantage in the use of ealeium chloride, lio^vever, is the- 
deliquescent nature of Die Jinal product. The action of water is to 
generate aecl vlene from the risidvial e.arliide and to form tiieyano*’ 
dniinide, {CN.\n2)2> Iroin the eyanamidc, whieli is di'leterious when the 
cyanamide is to be ns(‘d for fertiliser pur[)Oses. Dieyanodiamidc is 

’ Mui.ssan, ( 'omj)t. n-nd., IHtM, ii8, 501. 

'* Kotlic, hhujJish 25470 (iSOS), Spc' also angew, e’Acm., 1002, l6, 058, ■ 

tV)ly.«auus, 1(»:{320 (1901). 
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® . . * . 
toxic io j)iaiit life, parily iMraiisi' inlufnts the acli'M. of' lal rifviiiyr 
l)avUma. 

In (1)0 ii.s(‘ oroalciuui jliioF’i(l<\ (( al' r,). was siiLTucsIcd in (In' roriii 
of onislied llnor-s])ar as a oatah st U>v oarhkio nilnlioalio)), ainl a|»|>:u'- 
ontly nawt ))ii)(l(‘rii woi-k'; now tanploy I his siil sl\ non. 

'riio ()\ons used in lh<‘ ])r<>('css of nil n:‘oal ion arc either, of 1 he 
(■o]!l irnifa)s t)|- (liscrnillmioiis (>!»'. 'riic loriiicr t\{)c. as wotkiaj at 
K!)a|>saek in th“!')))any ajid .MaiTLiiiae in I'onu'c, eoiisisls of' nielal 
boxes lilled A\ifli earhide whieii are pnsiH.d lhronL;h a lotn^’ himiel idled 
wil h jiil roL’cii and h(‘ale(* ( ither < leel rieall\ or hy jneaiis of ine<*r 
^as. 'Die Caiison Compajiy in Swediai use eylinrlrieal omi*., lilted 
will) shehts. hfled with nih'»>!^e)j and healed at (In* lop oy ai'cs 
a teinj'.ei’atniY- of OaO 'I’he ear})ide is workcxi do/ 1 )\\ ards i>y a 

iraeharii< ai serapc i' froui slu 11' to shelf, and llie eyanainid*' is fliseliari>erj 
ai (h(“ hotfuni of the 4.)\en after a jxriod of two hours. 'The discon- 
tiinjoiis i vpeofoN'cn is of I he ))iore eonnnon l \pe'. and ina\ lie e\ti laially 
lired (»)■ o!.('| 1‘ieally heal((l. 'File eleefrit.- inrnaee. such as is nseil at 
Odda ill Xorwa.y, e<»nsist.s of a nieiallie eyliniirieal o\'( n hea\ily lined 
witli refr;a'tor\ nialia-ial, so lheint<Tnaj dnnensions are ahoiil a feel 
Iiy M feel, Nih'omai is forced in at I In hotloni. and the. ealeiuni earhidi' 
in a h(a\\ e(»ntaiin‘r is hea(< d )>y nu'ans oi' a earhon peneij p;(ssiiiL’' 
(hronyii tfi'’ e(ntve, which eariies a sin<,;!e-j»hase emaxnt o| 100 \.>1K 
and *JOO to ‘JaO aln|)ere^. fVl'O r a few hours Ihi' eiirriai! is s-', .oliid. 
off. as tlic heal of the reaction is then sniheii nl to eai'ry the process 
io eonip't fion. Nil riliealion pox-eods fmrn the eoro ont\vards, ijc 
tcnnperal n re in flic j’lirnaee lieina ahonf 1100 t'. Ahonl S.> (m i ' -iil. 
f)ii!\' of ealeinni earhn!<- nnd<-r;joes ml riheat ion. and llie i\ sl is d< sli'oyeil 
in some niiexplained way diirimi I lie reaelion. as there is oiiiv 1 to '2 
|»er lent, of eail>id(‘ in tlie eriidr eyanamide. (ieneraliy speakin;/, Ih'^ 
JtilroL:e!i eonieiit <»!’tlie eyanamide \ai''es Ixlween 10 and 20) pet «‘ent. 
ae('ordin',i to i'ni'naei* praeliio. <)iialily of ra’ maleiials, <'le,. in dilTen iit 
(‘onnlries, A typical analysis of eyanaii i<!e prodm-ed ai idosefr Shords 
in \])c ( dnited Slates is i;i’. en : ’ 

i’( i ‘ ill 

( 'aieium e\ anamide . . , 01-2 


o>dde . . . . 

20-0 

< arbide . . . . 

1 •."> 

sulphide 

0 2 

j)hospiiide 

0 0 

Free earhon . . . . 

l2o 

Silica . . . , . 

2 1 

Iron and aiuniinium oxides . 

I'S 

Mai;iicsiun> oxide 

o--; 


Tin* 4'nid(‘ |)j'odiict, which miiO rs (o a solid ish-hlaek c.ake, is 
then CT’ijshcd and milled. 'Flic small amount oi’ residua! earhah i- very 
obj(‘el ionalile. and I he only ellii ieut wa\' to ronmve same i-- lo spray 
with walei’, when aeetyhaic* is ^eiierati/d. lusullieimit wahn' mcst be 
uscfl than Nvill jV)rm dieyauodiamide, and modei’u pi'aeiiet'*!a\ >mvs 
Ihe use 4if a w;iler“aiid oi[ spra\, cspreially ij’ the- e\a,iamidi- i'- I.* he 
used as a fertiliser. 1'he water, to Ihe exleul of 0 to 7 per e(-nl. oi' tlie 
wei<iht of eyauamide, de(-omposes llie earhiih- ami hydi'ate-s llu- frt-c 

* Io l-ior', fUt I'ixniion ur-d i' of .\ itex/j , / .-S'. Wm .1 oo > t/m it , i ^ 

VOL. vi^ : 1. • * la 
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lime,* but does uot remove dustiness, wHich is effected iJy a sprajr of 
mineral oil (8 to 4 per cent, of the weiglit of cyanamide). . 4.. 

Uses of Cyanamide. — 1. Fertiliser. — Tlie cnide calcium cyanamide, 
known as “nitrolim,” “lime-nitrogen,” “ kalkstickstiff,” etc., has the 
great advantage of cheapness. On the other hand, there is considerable 
difficulty in its storage owing to the action of atmospheric moisture 
and caroon dioxide, wliich results in the formation of dicyanodiamide. 
As has already been mentioned, this latter substance is not only directly 
toxic to plant life, but it also prevents the action of nitrification bacteria 
in the soil. Hence treatment and storage of cyanamide js a matter of 
first-rate importance; the water-and-oil treatment described above is 
very necessary, and when stored in double burlap bags it can be kept 
for six to t^velve months without deterioration. 

The actual mode of decomposition of calcium cyanamide in the soil 
is apparently very complex, the main reaction being the hydrolysis to 
ammonia : 

(1) CaNCN+SHoO -( aCOy | 

c Another scries of reactions, liowever, occurs whereby free cyanamide, 
|CN.Nll 2 , urea, and ammonium carbonate are formed successively : 

(2) CaNCN+COg h H.,0 ^Cat’O^ f CN.Ml, : 

(8) CN.NIIg+IlgO “ =C'0(XlIo)2; 

(4) C0(NH.2)2 I- 2 II 0 O (NH4)2a)3. 

In each ease the final product ammonia readily undergoes con- 
version into nitrate by means of bacterial action. 

A Attempts have been made to use cyanamide in \arious mixed 
fertilisers, but care has to be taken as regards the other (fonstituents. 
^’hus it cannot be used with acid jihosphate owing to the reversion of 
this substance, and further, the formation of toxic dicyanodiamide. 
It seems feasible, however, to mix it with basic slag or su[)crphosphatc, 
or with a calcined phosphate containing a high percentage of citric acid 
soluble phosphate. 

2. Production of Ammonia from Cyanamide. — One of the most 
attractive features of the cyanamide process of nitrogen fixation is the 
ready conversion of the cyanamide into ammonia by hydrolysis with 
water. The final reaction is shown in ccjuation (1) above. * 

The first patent for this process was that of Frank ^ in 1000, and 
since that time the production of ammonia from cyanamide has been in 
commercial operation in many countries. A detailed description of the 
plant is given by Landis ^ with reference to the (jontinuous production 
5 f ammonia by the American ('yanamide Company. In essence the 
process consists in treating cyanamide in an autoclave with alkali and 
iteam under pressure, and once the action is started, sufficient heat is 
generated from the reaction to liberate completely practically all the 
immonia. 

* The autoclaves are cylindrical in shape, about 21 feet in height and 
5 feet in diameter, and arc made of steel capable of withstanding a 
iressurefof 300 lb. to the square inch. Filtrate liquor (19,000 lb.) 
rom a previous operation is introduced, then sulficicnt s^da ash to give 
m alkalinity of about 8 per cent, sodium hydroxide. About 9000 lb, 

» Frank, (krmin Patent, 134289 (1900) ; U.ii. Patent, 776134 (1904). 

^ Landia, Itiet. Chem. Eng., 1910, 14 , 87. 
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of ^cyanaiiiide ar^ then introduced, and the charge well stirred, to 
jlccompose carbide and phosphide of calcium with the evolution of 
apimonia. Steam is then forced in at the bottom of the autoclave 


until the reaction begins, when about 90 per cent, of nitrogen is con- 
verted into ammonia, which is discharged w'+h large volumes of steam 
into condensers. A further quantity of ammonia is obtained by 
forcing steam in agaiti under a pressure of 120 lb. for two hours. The 
total conversion of nitrogen into ammonia is about 97 to 98 per cent., 
and, as the gas is ]:)ractically pure, it can be utilised directly either for 
the .preparation of ammojiium salts qr for Oxidation to nitric acid. 

The disposal of the autoclave sludge (after filtration) is one of the 
difTiculties of the process, as although a number of .proposals have been 
made, yet so far it would seem that a successful solution of the problem 
has yet to be found. 

3. Cyanides . — The production of cyanides from eyanamide (p. 224) 
was the subject of much investigation after the work of Frank and 
Caro in 1900. Tiie American Cyanamide Company ^ seem to he the 
lirst who erected a plant for the technical manufacture of calcium 
cyanide from calcium cyanamide in 1910. The process consists in 
heating a mixture of calcium cyanamide, carbon, and sodium chloride 
in an elo(!tric furnace to a temperature of 1300'^ C. and then rapidly 
cooling the molten product to pre\ent the reverse reaction taking 


place : 


(W^N+C - (:a(CN)2. 


The sodium chloride apparently merely acts as a flux, although it 
is possible that the reaction is not as simple as indicated by the above 
equation. 

The product, of course, is a very impure substance, the cyanide 
content of whicli varies between 35 and 50 j)er cent, equivalent of 
sodium cyanide. Successful application of this crude cyanide, however, 
has been made both for gold and siher !netalhirgy» mid also for the 
production of hydrocyanic acid for fumigation purposes. 

4. Urea . — At present urea has only a limited application for such 
things as medicinal preparations, syntlietic glasses or resins, and 
celluloid products, but its high nitrogen content (46 per cent.) and 
freedom from any deleterious substances indicate that it would make 
an ideal fertilivser. vVny process, therefore, which could be economically 
worked for large scale production of urea would allow an extensive use 
of this substance as plant food. 

The reactions necessary to convert cyanamide into urea, consist in 
extracting the crude substiyicc with water, filtering the solution and 
adding excess of sulphuric acid. In this way all the calcium is removed 
as sulphate, and, on heating the solution, the free cyanamide, H 2 CN 2 , 
is hydrolysed to urea : s 

HgN.CN+HaO-COiNlIg)^. 

The excess of sulphuric acid is removed as calcium sulphate, ahd it 
is the cost of the sulphuric acid which constitutes the chief disadvantage 
in the process, as it is all lost in the form of the calcium salt. * ' 

The Lidhblm process ^ for the manufacture of urea is now being 
worked by the Union Carbide Company- at Niagara, and is a more 

V Landis, CAew. A’wfir., 1920, 22 , 265. 

* Lidholm, J, Ch^m. Met. Ertg., 1925, 32 , 791. 
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carboa dioxide p«^ed in, which removes the ebictum p carfe 
at the same time liberates pee cyanamide : 

CaSCN+C02+H20:^CaC0^+H2^^^ 


The hydrolysis of the cyanamide into urea is brought about by 
means of dilute sulphuric acid, and, owing to ihe extreme chemicil 
activity of the cyanamide, this second stage immediately follows the 
liberation of tjie cyanamide : 

H2N.eN-f-Hr20-C0(NH2)2. 


The sulphuric acid is removed quantitatively by the addition of 
calcium carbonate, and the filtrate is evaporated in vacuum pans to a 
syrup which is practically molten urCa, with a very small quantity of 
water. A “ spheroidising ” process consists in forming minute droplets 
by means of a blast of cold air on the molten product, which solidify 
as they fall through the air, producing a glazed surface which does not 
cake with water. The final product contains over 44 per cent, nitrogen, 
(pure urea contains 46*6 per cent.), of which 41 per cent, is in the form 
of urea, 1 per cent, in ammonium compounds, 1-5 cent, in guanyl 
urea (which can slowly be utilised by plants), and a fractional per^ 
centage of dicyanodiarnide. 

5. Free Cyanamide .— compound can be obtained' by extraction 
of the crude calcium salt with water, exactly neutralising the solution 
of calcium acid cyanamide, Ca(HCN) 2 , with sulphuric acid, and evapor- 
ating the filtrate at 75^ C. If a higher temperature is reached, then an 
appreciable amount of urea is formed owing to hydrolysis. 

6. Dicyanodiarnide . — Free cyanamide readily polymerises to di- 
cyanodiamide, and, after extracting with water as above, only half the 
sulpJliurieacid is added, so that only one-half of cyanamide is in the free 
fo^i Tlie temperature is raised to 75° C., and the remainder of the 
sulphuric acid gradually added so that polymerisation and liberation 
of the free cyanamide keep pace with each other : 

2H^N2-(CN.NH2)2. 

7*. Guanidine . — Various salts of guanidine are prepared by treating 
a solution of free cyanamide and the corresponding ammonium salt, in 
an autocliaVe at 155° C. 

Survey of the Nitrogen Fixation Problem . — British Synthetic 
Amrhonia , — Up to the publication of this ^ volume, by far the greatest 
^proportion of the world’s supplies of synthetic nitrogen compounds had 
been obtained by the combination of nitrogen and hydrogen. 

, Towards the end of the Great European War, the British Govern- 
J iribrit had taken some steps to ensure supplies of fixed nitrogen withiii 
the^^natiohal bounda^s, and had begun some buildings on the chosen 
^ite'^'at Billingham. The production of synthetic ammonia is dis- 
tingUisJied by low-ix)wer costs. To conibine 1 ton of nitrogen req[ui]^ 
the arc process, 2*0 K.W.Y. by the cyanamide processi and 
only 0*4 K.W.Y. by the ammonia process. Since electrio power i$ not 
cheiip in Great Britain, the arc process is out of the questiohV 
O^a^amide process (see p. 224) also requires power for the 

production of calcium carbide. Ibe ammonia process req^]i&. 



■’im:' hydtoi^fen an4 obtained by the methods descri^^ oe 

j). SjQ, and IS very Conveniently worked in conjunction with electrolytic 
and ammonia-sod processes. Thua the Gk^vemment were well 

^ dispose of the site and information to Synthetic 

' Ammonia and Nitrates, Ltd.,” a subsidiary company formed by 
^runner, Mond & A research staff was |('i to work out a* modified 
llaber prcKJess, and plant was erected which, by the spring of 1925, was 
producing 30 tons of ammonia per day. This was soon increased to 
50 tons, and it was expected that shortly the figure would approximate 
to 200 tons per day. This was the firft industrial plant outside Germany 
to work at the low pressures of the Haber method, and at the present 
time England is the second largest synthetic ammonia-producing 
.country in the world. The United Alkali Company has installed 
a full-scale plant for the manufacture of nitric acid by the oxidation 
of ammonia. 

Germany, as would be expected, still maintains her position as being 
the largest producer of synthetic ammonia. In America much investiga- 
tion has been carried out by the P'ixed Nitrogen Research Laboratory 
of the United States Department of Agriculture. An enormous plant 
was erected atlflnscle Shoals in 1919 for the manufacture of calcium 
carbide, from which ammonia and nitric acid were to be produced. 
Its capabilities were stated to be 10,000 tons of nitrogen per year, but 
it has never worked for full production, and it was put u}) for sale 
by private negotiation. A number of companies are engaged in the 
ihanufacture of cyanami de-ammonia by both tlie (’laude and Casale 
processes, and also of cyanides by the Buclicr process. The arc process 
is being developed by tlie American Nitrogen Products Company. 
France is extending the production of synthetic ammonia, and the 
Ilaber, Claude, and Casale processes are well in use. The Government 
plant at Toulouse, operated on the Casale principle, will have a cai>acity 
of 56,000 tons of ammonia per annum. 

In Italy, both the Casale and Fauser processes arc in operation, and 
the estimated output for 1926 is 42,000 tons of fixed nitrogen. 

Spain is developing synthetic ammonia production on the Claude and 
Casale principles, and an ultimate output of 25,000 tons per annum is 
anticipated. 

In Belgium, works are in the course of erection which will have an 
annual output of 10,000 tons of ahmionia by the Casale process. 

Thus it >vill be seen that the fundamental importance of artificial 
nitrogen fixation is being recognised by most countric s. The following 
table ^ shows the estimated world production of nitrogen for the year 
ended 1st May 1925. The figures are expressed in tons of nitrogen 
(22401b.):— 


By-product ammonium sulphate 
Synthetic ,» „ 

Cyanamide ... 

Nitrate of lime 

Other forms of synthetic nitrogen . 
Chilian nitrate of soda , 


. 290,300 tons, 

. 254,800 „ 

, 115,000 „ 

. 25,000 , 

. 60,000 „ 

. 863,000 „ 



Total . 1,108,100 tons, 

1 Oaa f^orldt 83 , 591 , • 1925 . • ’ ' 




230 . NITROa^JN. 

The Use of Combined Nitrogen in Agriculture and a Comparison of 
various Fertilisers.— It is hardly an exaggeration to say that the greatest 
of all services rendered to humanity by chemistry is the eiisurement 
of a practically inexhaustible supply of the most essential and at the 
same time the most perishable of plant fertilisers. The result should 
be that, "given Governments with a proper appreciation of applied 
science and with a genuine aversion to war, the food -producing areas 
of the world should for all time be able to furihsh their full quota of 
their different products. 

The following striking examples ^ give some idea of the valuf* of 
combined nitrogen in agriculture : 

One hundredweight of sodium nitrate or ammonium sulphate, or one 
and a half hundredweights of nitrolim applied to one acre of soil, in- 
creases the yield of potatoes by 1 ton, the yield of wheat by bushels, 
the yield of barley by 6| bushels, and the yield of oats by 7 bushels. 
“ One hundrcdweiglit of these concentrated fertilisers is therefore 
capable of producing enough food to satisfy a man’s bodily requirements 
for one hundred or more days, or one pound of combined nitrogen 
properly used in the soil will yield enough food to keep a man going 
for about five days.” 

There is evidence that the combined nitrogen, in order to be 
directly utilised by plants, must be in the form of nitrates (sec p. 22). 
Ammonium salts, proteins, amino-acids will be converted into nitrates 
more or less rapidly by nitrifying bacteria. Calcium eyanamide is con- 
verted into ammonia (see j>. 22), but it may also giv^e in the first place 
eyanamide and dicyanodiamide, which introduces an uncertainty with 
the application of this fertiliser. It would seem desirable to convert 
nitrolim into urea before application to the soil (p. 228). 

The relative values of the principal forms are said to be : ^ 


Nitric nitrogen . . . 100 

Ammoniacal nitrogen . . 95 

Cyanamide ,, . . 85-90 

Protein „ . . 70-80 


These differences may be partly due to the causes already mentioned, 
partly due to tlie fact that ammonium salts react acid and will remove 
lime from soils that arc poor in this constituent ; also to physico- 
chemical effects upon the state of division of the soil. 

At present a great variety of nitrogenous fertilisers, in addition to 
the time-honoured ammonium sulphate and potassium nitrate, is being 
prepared by the processes outlined abov e. Ammonium nitrate, a very 
concentrated fertiliser the preparation of which on the largest scale 
was elaborated during the War, is rather deliquescent and has not 
• found favour with the farmer. 

Apimonium chloride, a by-product of the ammonia-soda process, 
appears to be as valuable as ammonium sulphate, the relative suitability 
varying wjth the condition of the soil, etc.^*® Another substitute for 
the. sulphate is ammonium sulphonitrate, a mixture.* Monoammonium 

^ Ruasell, J. Soc. Chem. Ind., 1918, 37 , 45R, 

® Russell, Chem. Trade Journal^ 1924, 74 , 64. 

* Rothmnpstead Exper. Station Report, i 92 1-22. 

* (q>.ind, Oas Wcmserfach,^ 1924, 67 , 125. 
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phojyjhate, animophos,” contains two of the most valuable plant foods 
in* combination. Sodium-ammonium -hydrogen phosphate is made by 
mixing hot solutions of sodium bisul|)hate, calcium cyanamide, and 
calcium superphosphate. 

Ammonium salts when placed in the soil are converted into 
ammonium bicarbonate. This is an ideal fertiliser ; the chief drawback 
is its volatility, whiclf may, however, be diminished by preparing it in 
hot solution with an excess of carbon dioxide in the presence of some 
tar oil. 

¥rea is not toxic to plants even when present to the extent of 1 per 
cent.^ It is quickly hydrolysed to ammonia in the soil. The pro- 
duction of tins eornpoimd from the technical nitrogen compounds 
mentioned above has been a fruitful field for the chemical inventor. 
Starting from ammonia, it ma}^ be made by the well-known reaction 
with carbon}^ chloride, or the ammonia may be combined with carbon 
dioxide and the ])roduct converted into urea.^ tJrea is also produced 
from calcium cyanamide by treating a solution with ferric sulphate^ 
or various acids under pressure.^ 

. For further information on the nitrogen industry, especially in its 
technical aspects, the reader should consult : The Nitrogen Industry y 
Partington and Parker (Constable, 1922) ; The Absorption of Nitrous 
Gases, Webb (Arnold, 1928) ; Ammonia and the Nitrides, Maxted 
(Churchill, 1921); The yitmospheric Nitrogen Industry, Waescr, trans- 
lated by Fyleman (Churchill, 192(5) ; Biciionary of Applied Chemistry, 
Thorpe, Vol. iv. (Longmans, 1922). 

’ Bokerny, 7, Soc, Vhtm. Ind., 1922, 41 , 950A ; Zatnbianchini, ibid, 

~ Badiscihe Company, Oermun Patent, 390848 (1922); Norsk Hydroelektr., Nonveyiem 
Patent, 39744 (1920). 

^ I'Vound, Germtn Patent, 377007 (1919). 

^ Sue. d’fitiido.s Chiui. pour I’liid., En/lish Patent, 192703 (1923). 



NAME INDEX. 


Ab£6o, 12) 82, 83. 
Abney, 7l 
Ackworth, 149, 198. 
Adame, 111. 

Adeney, 30, 
Adventowflki, 151, 164. 
Alexander, 112. 

Allmand, 162, 209. 

Alt, 39, 40. 

Amagat, 29, 30. 
Anderlini, ,35. 

Anew, 109, 110. 
Andreocoi, 205. 

Angeli, 110, 137. 
Angelico, 137. 

Angerer, 46. 

Angstrom, 35. 

Ar^o, 66. 

Arendt, 159. 

Armstrong, 198. 

Arni, 145. 

Arrhenius, 147, 180, 195. 
Artini, 204. 

A^kenasy, 222. 

Aston, 190, 

Atkinson, 95. 

Auden, 155, t 

Austin, 32, 62. 

Auwera, 11. 

Avogadro, 180. 


Babcock, 73.'^ 

Bach, 125, 162, 127. 

Ba^sche Company, 123, 211, 218, 231. 
Baeyer, 68, 218. 

Bagster^ 1^.. 

Bam, 11. 

Baker, 41, 163, 164, 166. 

Balard, 114. 

Baly, 20, 39, 40. 

B^kervUle, 148. 

Baasett, 48. 

Baturas, 61. , 

Bati4,86. 

Baume, 54, 50, 165. 

‘Bwir,95, 137. 

Beokihjii 1. 



Beind 
BeU.i 
Bene^ilr 
Berglund. 191. 
Berg;^aiA,*62. 


Berl, 112, 158. 

Berliielot, II, 29, 49. 

Berthelot, M., 26, 6^, 109, 110, 124, 127, 
132, 134, 140, 142, 146, 151, 160, 161, 
163, 171, 172, 179, l8l, 183, 19.3. 222. 
Berthoud, 73, 74, 75, 86. 

Berti, 174, 177. 

Berzelius, 49. 

Besso, 69. 

Bc'sson, 163, 177. 

Bestelmeycr, 31. 

Bezssonoil, 22. 

Biedermann, 128. 

Bieler, 18. 

Biltz, 69. 

Biiieau, 70, 71. 

Biot, 65. 

Birgc, 45, 

Birfcland, 200. 

Black, 214. 

Blackburn, 210. 

Blagburn, 25 . 

Bleekrodc, 145. 

Blex, 79. 

Booker, 157. 

Bodenstcin, 158. 

Bogdan, 50. 

Bogorodski, 168, 

Bohr, 37. 

Bolker, 38. 

Boltzmann, 172. 

Borkenay, 231. 

Bosch, 106. 

Boubaoff, 118. 

Boushcld, 192. 

Bousingault, 25. 

Bowman, 201. 

Brackel, 123, 140. 

Bradley, 206. 

Brahan|, 220. 

Brauer, 214. 

Braun, 37. 

Bray, 80, 81, 110, 114. 

Bredig, 89, 125. 

Brcsciani, 118, 119. 

Briegleb, 217. 

Bright, 179. 

Brill, 72, 74. 

Eriner, 50, 119, 167, 183. 

Brinkley, 77. 

Brockman, 14. . ^ 

Erode, 162. 

Broderson, 126. 

Browne, 127, 132/134. 

Brahl, 33,36, 67, 108, 125;^ 




Brdfcjg, m 

100 . 

3ru«iner, 220. 

Burnt, 26. 

, de Bniyn, 107, 109, 124, 126. 

Bucher, 219, 220, 221, 229. 

Budde, 66. . ^ ^ 

Bimeen, 35, 38, 72, 74, 116, 148, 162, 218. 
Burk, 72, 147. 

-Burrell, 146, 147. 

Bur^ 64. 

BusA^ 202. 

Buawold, 186. 

Cady, 80. 

CaiUetet, 38, 145, 146, 147, 16.3. , 
Callingaert, 83. 

Campbell, 33. 

Oandia, 26. 

Cant, 66. 

Cardoep, 38, 145. 

Carina, 191. 

Caro, 110, 215, 217, 223, 227, 

Casale, 26, 213, 229. 

Cath, 38, 39. 

Caven, 92. 

Cavendish, 169, 168, 182, 187, 206. 
Cederberg, 213, 216. 

Chadwick, 18, 

Chapman, 115, 116, 165. 

Chappuis, 32, 181. 

Chaptal, 21. 

Chattaway, 116, 122, 

Christoff, 37. 

Clark, 95. 

Clarke, 49. 

aaude, 24, 105, 106, 211, 212, 213, 223, 
224, 229, 

Gaua, 49, 107, 131. 

Clavera, 61, 

Clement, 32. 

Clever, 203, 204, 205. 

Coates, 40. 

Coehn, 68. 

Coffetti, m. 

Compari, 143. ■ 

Cooper, 196. 

Copeman, 135. 

Conrtois, U6. 

Cragoe, 74, 76, 91. 

Creighton, 191. 

Crismer, 107. 

Crommelin, 38, 39, 40, 

Crookes, 159. 

CuudaU, 163, 164, 167. 

Curtins, 122, 123, 124, 126, 128, 132, 134. 
^^bertson, 34, 67, 144, 151, 169. 

‘■I)aooomo, 160. 

Balai, 120. 
i:^Jton,166. V 
jEN^els, 178, 179, 1^. 
l^’Ani9^202» 

Parap^; 134. 


Davies; 54, 59. 

Davila, 50, 56, 100. 

Davy, 62, 115, 123, 142, f49. 16^. 182*- 
Dawes, 218, 

Dawson, 88. 

Day, 32. 

Do, 139,4:0. 

Del^pine, 87. 

Deraar9ay,'‘ 204. 

Dennis, 132, J34, ' 

Dennstedt, 132. 

Desbpardeaux, 143. 

Desguignes, 105. 

Deslandres, 34^* 

Despretz, 48, 75. 

Dovarda, 201. 

Deventer, 69, 150. 

DeviJle, 164, 168, 169, 178. 

Dewar, 38, 40, 41, 46, 73, 75, 146, 146, 154, 

186. 

Dhar, 139, 140. 

Dieterici, 73, 91. 

Divers, 107, 108, 112, 123, 130, 131, 138, 
139, 178, 182, 184, 198, 199, 203, 204. 
Dixon, 33, 97, 167, 164. 

Doan, 134. 

Dobereiner, 68, 129. 

Dodge, 101, 210. 

Domcke, 41. . 

Donath, 107. 

Donkin, 62. 

Dounan, 27, 40. 

Dowell, 114. 

Drewes, 73. 

Drouginine, 50. 

Drucker, 38. 

Dfugman, 39. 

Dude 11 , 123. 

Dulong, 49, 114, 115, 167, 173, 176. 

Dumas, 25. 

Dumoulin, 26. 

Dunstan, 111, 139. 

Durand, 1C2, 183. 
van Duseh, 73, 91. 

Dymond, 139. 

Easton, 201. 

Ebert, 41. 

Egerton, 174. 

Ehrlich, 179. 

Eidmann, 48. 

Elleau, 73. 

Elftd, 42. 

Elworthy, 26. 

Emich, 50, 160, 154, 166, 160. 

Ephraim, 125, 130. 

Emo, 87. 

Etard, 182. 

Eucken, 34, 40, 41, 46, 

Eumorgopoulos, 32. 

Eyde, 206. 

Fanara,,137. 

Faraday, 72, 74, 115, 144, 146, 163, 166. , 
Farmer, 177. 





Fauser, 514, 229. 

Favre, 76. 

Feldt, 112, 

Feliciani, 173. 

Festing, 77. 

Field, 88. 

Finckh, 160. 

Findlay, 146. 

Fischer, 39, 40, 48, 110, 126. 182. 
Fitzgerald, 81. 

Florentin, 150, 202. 

Flues, 50. 

Foote, 77. 

Forbes, 49, 59. 

Fordos, 203, 

Foresail, 83. 

Fowler, 35, 43, 46, 48, 68, 97, 155. 

Fox, 35, 36. 

Foxwell, 64. 

Francesconi, 118, 119. 

Franchot, 218. 

Francke, 143, 164. 

Frank, 215, 217, 223, 226, 227. 

Frankland, 48, 177. 

Franklin, 48, 70, 77, 78, 79, 80, 1.30, 204. 
Freniy, 107, 131, 198. 

Frenzel, 80, 95. 

Freaenius, 201. 

Freudenberg, 223. 

Freund, 231. 

Fndorich, 176. 

Friederich, 47, 202. 

Gaillot, 94. 

Garewitsch, 130. 

Gamier, 173, 177, 192, 196. 

Gattermann, 116, 117. 

Gaus, 82, 83. 

Gay, 86. 

Gay-Lussac, 50, 118, 143. 149, 150, 155. 

167, 173, 182. 

Geber, 187. 

Geffcken, 146. 

Geisel, 70, 77, 114, 204. 

(?elis, 203. 

Gernez, 173. 

Getman, 196. 

Geuthor, 119, 165, 173, 217. 

Ghosh, 183. 

Gibbs, 72. 

Gibson, 180. 

Girard, 118, 120, 167, 168. 

Githens, 191. 

Gladstone, 116. 

Glauber, 187. 

Glund, 230. 

Gnielin, 49, 198. 

GohlicH, 132. 

Goldschmidt, 10, 89. 

Goodwin, 80.. 

Gore,' 204. 

Goulding, 111. 

Graham, 203. 

Grandcau, 202. 

Grau, 182. 

Gray^49, 64,^55, 59, 60, 81, 149, 150. 

c • 


I Greenwood, 102. 

Gregory, 68, 97, 203. 

Griewasz, 38. 

Groll, 111. 

Grotian, 195. 

Grunmach, 40, 146. 

Gruskiewicz, 222. 

Guernsey, 220. #» 

Guntz, 47, 48. 

Gutbier, 121. 

Guyard, 116. 

Guye, 49, 50, 54, 55, 56, 57, 58, 69, 60.118, 
144,150. 

Haber, 67, 95, 97, 98, 99, 101, 102, 103, 
104, 105, 106, 162, 206, 210, 211, 229. 
Haga, 107, 108, 111, 113, 123, 131, 138, 
139, 184, 203, 204. 

Hales, 62. 

Hall, ] 15. 

Hampson, 24. 

Hantzsch, 11, 88, 123, 130, 131, 134. 137, 
139, 140, 141, 155. 

Happen, 38. 

Harford, 25. 

Harker, 32. 

Harries, 126. 

Harrington, 151. 

Hasche, 163, 181. 

Ha.seubarl), 121. 

Hasselbeig, 35, 173. 

Hasseiibaoh, 121. 167, 177. 

Hautefille, 181. 

Haw, 69, 1 15. 

Hawkins. 86. 

Hein, 107. 

Hellriegel, 22. 

Hemixii, 148, lOO. 

Henderson, 48. 

Henkel, 145. 

Henning, 32. 

Henry, 62, 68. 

Hontschel, 114, 115. 

Hcrringe, 202. 

Herzner, 65. 

Hesslierger, 208. 
ifetcreii, van, 119. 

Heuse, 32, 181. 

Heymann, 148. 

Keys, 25. 

Hicklev,c27. 

Higley, 200. 

Hinshelwood, 72, 147. 

Hirschel, 111. 

Hirst, 180. 

Hittorf, 35. 

Hodgkinson, 128. 

Hofer, 114, 160, 162. 

Hoff, van ’t, 172. 

Hofmann, 68, 69, 108, 109, llO, 11 1, 112, 128. 
Holborn, 29, 30, 32. 

Holl, 130, 131. 

Holmes, 134. 

Holwech, 163, 165. 

Hooke, 21. 

Hoppe, 182. 



235 


Sita! INDEX. 



Howell, 146. 

Howies, 160. 

Hoyermaim, 222. 

Hufner, 38, 162, 163. 

Huggins, 83. 

Hugo, 117. 

Hugot, 48, 117, 204. 

Hunt, 179. 

Hunter, 147. 

Ilioviox, 48. 
lUingham, 162, 209. 

Ingham, 201. 

IngUs, 40. 

Isham, 132. 

Iterson, van, 24. 

Jacobs, 220. 

Jannasch, 128. 

Jaquerod, 50, 69, 60, 160. 

Jay, 122, 123, 127. 

Joan, 93. 

JeUinck, 154, 160, 161, 

Jdannis, 70, 79. 

Johnson, 45. 

Johnston, 77, 180. 

Jolibois, 156. 

Jollv, 144. 

Jonds, no, 139, 165, 196. 

Jouve, 107. 

Jovinet, 201. 

Joyner, 124. 

Just, 38. 

Kaiskr, 215, 217. 

Kaminsky, 46. 

Kanolt, 90, 91. 

Karl, 180. 

Karrer, 180. 

Kassner, 25, 125. 

Kato, 90. 

Kaufmann, 137, 139, 140, 155. 
Kayser, 75. 

Keane, 201 . 

Keesoni, 40, 41. 

Keyes, 73. 

King, 134. 

Kirk, 116. 

Kirschbaum, 48, 217. 

Kjeldahl, 65. 

Klemenc, 183. 

Klinger, 158, 166. 

Knecht, 201. 

Knop, 94, 146. 

Knori-e, 26, 158, 169. 

Knox, 183. 

Koehler, 168, 201. 

Koenig, 42. 

Koethner, 69. 

Kohlrausoh, 89, l41, 196. 
Kohlschutter, 112, 162, 163, 165. 
Kolb, 103. 

Kolbe, 114. 

KOnig, 162, ,163. ^ 


Kossel, 13: 

Kraft, 47. 

Kraus, 77, 78, 80, 81, 82, 204. 

Kraut, 68, 214. 

Kremann, 190, 194, 195. 

Kroll, 109, no, 111. 

Kuhlraann, t75, 214. 

Kundt, 173. 

Kuriloflf, 77: 

KusiK^rt, no, 128 . 

Kuster, 190, 194, 195. 

Hachmann, 119, 136. 

Landis, 226, 227. 

Landolt, 120. 

Lang, von. 111. 

Lange, 73. 

Langlois, 70. 

Langmuir, 13, 15, 46. 

Larson, 101. 

Lattey, 80. 

Lautsbt^rry, 18. 

Lavoisier, 21, 25, 187. 

Leboau, 120. 

Lebel, 16. 

Jxj Blanc, 157. 

Lecher, 108. 

lA.‘comU>, 28, 29, 49, 54, 65. 

Uduc, 28, 29, 49, 64, 65, 144. 

Leethani, 44. 

Lehmann, 121, 123. 

I.«ithauscr, 161, 163. 

].<eiigfeld, 79. 
l^ntz, 222. 

Uo, 202. 

Leonard, 30. 

Lepraik, 150. 
lA'prestrt^, 100. 

Letts, 201. 

Lewes, 64. 

Lewis, G. N., 13, 14, 17. 

Lewis, P., 45. 

Lidholm, 227. 

Lidott, 142. 

Linde, 24, 224. 

Lipinsky, 222. 

IJveing, 145, 146, 154. 

Locher, 1(»7. 

Locke, 83. 

Luew. 09, 13.3, 160. 

Lorea, 67. 

Lorenz, 67. 

Lessen, 107, Hi, 112. 

Love joy, 206. 

Lowry, 14, 17, 44. 

Lucaase, 82. 

Lucius, 150. 

Ludecking, 73. 

Ludwig, 107. 

Lueck, 180. 

Lullius, 187. 

Lunden, 90, 01. 

Lunge, 86, 152, 155, 166, 167, 168, 103, 
177, 191, 192, 201. 

Lupton, 25. 

Lym, 1^4. 



Macdonald, 147, 

: MaodotigoU, 160. 

; Madema, 186. 

Magnanini, 119. 

Mai, 27. 

Mallet, 82. 

Maiiiohot,^152, 163. 

Mandala, 184. 

Manley, 193, 194. 

Maquenne, 47. 

Man>uig, 128. 

Marol^ewski, 167, 177, 192. 
Maiguerette, 223. 

Marignao, 49, 196. 

Marquero), 150, 158, 201, 202. 
Maraden, 18. 

Marsh, 202. 

Marshal], 24. 

Mascart, 34, 67. 

Maschke, 98, 101. 

Mathias, 38, 39, 40, 146, 146, 147. 
Matignon, 96, 124, 127, 132. 
Matthews, 49. 

Maumen^, 107, 138. 

Maxted, 48, 102, 231. 

Mayow, 21, 149, 187. 

McCollum, 171. 

McCoy, 81. 

McCrae, 88. 

McKelvie, 72. 

Meisenheimer, 16. 

Meistor, 160. 

Meloher, 196. 

Mente, 131. 

Merlinj, 26. 

Merz, 47. 

Metcalfe, 151. 

Metzges, 222, 

Metzner, 49, 79, 

Meyer, 49, 107, 114, 150, 178. 

Meyer, V., 11, 50. 

Meyers, 74, 76, 91. 

Mmer,119. 

Millon, 144. 

Mills, 11. 

Milner, 214. . 

Mjtscherlich, 167. 

Mqisean, 70, 120, 204, 224. 
Moldenhauer, 101. 

Moles, 28, 38, 61. 

Mond, 63, 229. 

Monsacohi, 111, 127. 

Montemartini, 200. 

Mopre, 81, 88, 89, 90, 91, 92, 

. Morden, 163. 

Morley, 63, 54. 

; Bloaer^48, 65, 166, 159. 

Motay, du, 68. 

Mulder, 

Muller. 38, 66, 68, 69, 121, 163, 168, 
* 182. 

Munch, 190. 

Mftnti, 23. 

Mute, 48. 

Ii^thhiann.i7. 160. 162. 20.^. 2Ai on/c 


NAsm, 36. 

Natahson, 171, 

Naville, 162. ^ 

Neelmayer, 168, 

Nernst, 67, 76, 97, 164, 160, 16i. 

Nestle, 78. 

Neuhausen, 86. . 

Newfield, 202. 

Newth, 47. 

Nickids, 204. 

Niewiaski, 167. 

Norrish, 173. 

Noyes, 69, 90, 114, 115, 196. 

Oddo, 133, 173. 

Odet, 121. 

Ogawa, 130. 

Ogier, 171. 

Oholm, 95. 

Oliveri, 184. 

Olszewski, 38, 39, 40, 68, 164. 

Onnes, 26, 29, 30, 31, 32, 38, 39, 40, 41. 
Oordt, van, 95, 101. 

Oppenlicimer, 165. 

Orton, 116. 

Osborne, 73, 91. 

Ostwald, 35, 68, 214, 216. 

Otto, 29, .30. 

Ouvrard, 47. 

Paal, 1,39. 

Pabst, 118, 120, 167, 168. 

Pagliano, 87. 

Palmaer, 81. 

Park, 175. 

Parker, 33, 231. 

Partington, 66, 69, 97, 144, 172, 175, 216, 
216, 217, 231. 

Pascal, 173, 177, 192, 196. 

Paschen, 77. 

Patkowski, 67, 

Patrick, 85. 

Pauling, 208. 

Peachey, 16. 

Pechmann, von, 122. 

Peligot, 164, 167. ’ 

Pelouze, 198, 201; 

Penny, 49. 

Peratoner, 133. 

Perkin, 194. 

Perkinsi 163. 

Perman, 64, 59, 66, 72, 83, 85, 91, 96. 
Porrot, 72. 

Peterkin, 157, 164. 

Petersen, 128. 

Pflegor, 223. 

Phillips, 223. 

Pick, 183. 

Pickering, 190, 195* 

Pictet, 24, 74, 143, 180 , 

Pietrowski, 125, 130* 

Piloty, 111, 178. 

Pinoas, 186. 

Pintza, 60, 56, 66, 67, 66, 144* 

Playfair, 168, 218. v 

_ Am ' - 



poiM, 143; l8a^; 

Po}zeaiu8;224. 

Pope/l6. 

Pdppenberg, 79. 

Porret^ 116. 

Porsohaew, 164, 165. 

Posima, 86. 

Pozzi-Escott, 201. 

PlfeibiBch, 107, 111. 

Price, 86. 

Prideaux, 14. 

Priestley, 21, 62, 64, 142, 149, 159, 166, 
1«2, 187. 

Prince, 69. 

Pringent, 68. 

Pylkov, 119. 

Quataroli, 143. 

Radbnhausen, 132. 

Bai, 114. 

Rammelsberg, 164. 

Ramsay, 14, 34, 39, 64, 147, 163, 164, 173, 
174, 177, 190. 

Rankine, 34, 67. 

Raschig, 48, 107, 108, 110, 113, 117, 124, 
134, 135, 1.50, 167, 163, 18.5, 202. 

Ray, 1.39, 140, 183. 

Rayleigh, 28, 45, 49, 54, 55, 57, 58. 59, 60, 
66, 144, 159, 206. 

Roa, 201. 

Regnault, 32, 54, 74, 130, 140, 151. 

Reid, 183. 

Reihlen, 78. 

Rey, 191. 

Richards, 35, 49, 59. 

Richardson, 36, 7.5, 170, 171. 

Ridcal, 44, 46, 180. 

Riding, 71. 

Riesenfeld, 83. 

Risaom, 134. 

Roberts, 165. 

Robertson, 146, 147. 

Rode bush, 153. 

Ronchese, 94. 

Roscoe, 190, 191. 

Rose, 129. 

Rosset, 69, 177. 

Rossi, 208. 

le Rossignol, 98, 99, 101, 102, 103, 104. 
Rothe, 223, 224. 

Ruff, 70, 77, 111, 114, 117, 118, iSo, 203, 
204. 

Rupertj 86. 

Russ, 162, 179, 208. 

Russell, 156, 160, 230. 

Rutherford, 18, 19, 20. 

Rutherford, D., 21. 

Sabanejbpp, 112, 126. • 

Sabatier, 154, 155, 175. 

Saccrdotc, 29. • 

SandeU, 36. 

Sander, 82 . 

Sanfourche, 156, 157. 

Sanin. 186. ' 


Saposohaikoff, 166, 176, 183, 191. 
Sauer, 139. 140. 

Scaiidola, 126. 

Schoele, 21, 166, 182. 

Scheffer, 173; 174. 

Schonck, 16, 203, 204. • 

Scheuer, 50 69, 60, 66, 150 
Schiff. Hi, 127. 

Schlenk, 112, 126. 

Schloesing, 23, 175, 202. 

Schmidt, 68, 157. 

Scholer*66. 

S«honlx‘in, 68, 69, 116. 

Schonherr, 208. 

Schrader, 128. 

Schrehcr, 169, 172. 

Sehreit, 212. 

Schroter, 48. 

Sclirotter, 48. 

Schultz, 124. 

Schumann, 129, 183. 

Schuster, 35. 

Schwarz, 68. 

Schwcckert, 66. 

Schwerin, 178. 

Sciacca, 156, 163, 165. 

Scott, 49, 124, 139, 201, 206. 

Sebaldt, 88. 

Scguy, 36. 

Seitter, 205. 

Seligman, 200. 

S<diwanow, 115, 116. 

Sen, 180. 

Senderens, 154, 155, 175. 

Serpek, 217, 218. 

SeruUas, 116. 

Scyler, 182. 

SJjcrmaii, 220. 

Shields, 147, 173. 

Shilling, 66, 67, 96, 07, 144, 151, 172. 
Silberrad, 117, 123. 

Simon, 112. 

Sims, 148. 

Sittig, 47. 

Smedt, 41. 

Smith, 143, 100. 

Smith (C. J.). 34, 67, 144. 

Smits, 86. 

SOdermanu, 143. 

Solomina, 120. 

Summer, 113, 127, 18b. 

Sosiman, 90. 

Soubeiran, 142, 203. 

Sourdeval, 223. 

Spencer, 25, 134. 

Spiers, 14. 

Spitzer, 69, 182. 

Sponer, 45. 

Spottiswoode, 160. 

Stafford, 70, 1.30. 

Stabler, 110. 

Stansbie, 200. 

Starr, 73, 

Stas, 49, 116. 

Stauber, 118^ 

Stefan, 144. 





' Stephetubn, 148. 

Stock, 79. 

StoBi, 125, 128. 

Streoker, 49. 

Streiff, 164. 

Strombeck^ 73, 91. ^ 

Strutt, 35, 41, 42, 43, 44, 40. 

.Jtuer, 131. 

Sudborough, 119, 120: 

Sutherland, 34. 

Swart, 172. 

Szarvasy, 133. 

Szuhay, 117. 

Tafkl, 108. 

Tamaru, 95, 99, 101. 

Tanatar, 109, 124, 132, 139, 140. 

Tartar, 163. 

Taylor, 72, 74, 76, 91, 202. 

Templin, 113. 

Thalen, 36. 

Thiele, 50, 123, 128, 136, 137, 150. 

Thilo, 143. . 

Thomas, 71, 119, 176, 210. 

Thompson, 80. 

Thomsen, 91, 92, 95, 110, 146, 151, 172 
183, 193, 194, 196. 

Thomson, 14. 

Thorpe, 173. 

Thum, 139, 140. 

Tiede, 41, 59, 134. 

TUdon, 62, 118. 

Todd, 34, 158. 

Tohman, 179. 

Tower, 152, 202. 

Traube, 69, 128, 130, 137. 

Trautz, 45,‘118, 120. 

Travers, 34, 55, 153. 

Treadwell, 50. 

Treadwell- Hall, 50. 

Trent, 173, 174. 

Trillatt, 200. 

Troost, 71, 115, 168, 169. 

Trouton, 75. 

Trowbridge, 35. 

Truffant, 22. 

Tscherniak, 107. 

Turner, 49. 

Uhlbnhuth, 108, 112. 

Urk, van, 26, 29, 30, 31, 32, 40. 

Usher, 152, 205. 

Vale.vtiner, 31, 189. 

Van Sterson, 24. 

VaA ’t Hoff, 10. 

Veley, 183, 193, 194, 199, 200. 

Verha^ff, 111. 

Vieille, 134, 204. 

Vignon, 121. 

Villard, 68, f45, 146, 153. 
i^incent, 76. 
i^ockerodt, 128. 

^^o4^n, 115, 116. 

/ogel, 161, 183. 


: ^ Voiler# 66. 

* Vollmer, 139. 

Vorliinder, 41. 

Vortmann, 201. 

Waal, 66. 

Waeser, 231. 

Wagner, 94. 

Wald, 41. 

WaHisz, 38. 

Wanklyn, 168. 

Warburg, 161, 163. 

Warren, 114. 

Webb, 159, 176, 200, 202, 231. 

Weber, 34, 69. 144, 150, 177, 182, 197, 
Wedekind, 16. 

Wegseheider, 158. 

Weichselfelder, 112, 125. 

Weintraub, 157, 177. 

Weith, 69, 182. 

Writ/., 139. 

Wells, 49. 

Welsh, 125, 127. 

Weltzien, 70. 

Werner, 11, 17. 

West, 132. 

White, 48, 179, 217. 

Wiedemann, 66. 

Wieland, 139, 177. 

Wiernik, 80. 

Wilfarth, 22. 

Wilkie, 9-1. 

W illey, 43, 44 , 45, 46. 

W illiams, 200. 
j W’ills, 147. 

Wilson, 1)6. 

AVilson (C. T. H.), 20. 

W%au, 168. 

Winklemann, 144. 

Winkler, 35, 150, 151. 

Winmill, 88, 89, 90, 91, 02. 
W'inogradski, 23. 

W'irbelauoi', 79. 

W'islieeiius, 132, 139. 

Wittorf, 164, 174. 

Wohler, 154, 160. 

W'olf, 211. 

VV^olffenstein, 111, 

Wolterc^k, 64. 

Wourtzel, 59, 60, 61, 118. 

W-roblewski, 38, 39, 40. 

Wullnc^ 144. 

Yen, 34. 

Yeo, 220. 

Young, 64, 75. 

Yutema, 153. 

Zambianchi, 214. 

Zaopner, 49. • 

Zechentmeyer, 152. 

Zenghtdis, 95. 

Zimmennann, 153, 155. 

Zorn, 138. 

Zuskine, 121. 



<!^UBJECT index. 


Acids. NVc under Nitric, etc. 

Acti>je nitrogen. Hee Nitrogen. 

Albumens, 22, 23. 

Aluminium nitride, 217, 218. 
Amidn-sulphinio acids, 129, 130. 

sulphonio acids, 129 -131. 

Amines, 120. 

Arnmines, valency and structure, 18. 
Ammonia, 62 at scq. 
action on acids, 71. 

— on metals and oxides, 47, 48, 70. 

— on sulphur chlorides, 130, 203. 
adsorption by charcoal, 75. 
catalysts for formation of, 103. 
combustion, 68. 

constant of equilibrium, 97-100. 
decomposition of, by coke, 6-1. 

by solid surfuce-s, 71. 

by ultra-violet light, 68. 

density, 65. 

limiting, 58. 
detection in air, 93. 
discovery of, 62. 
electronic structure of, 14, 17. 
equilibrium of, with nitrogen and hydrt)- 
gen, 95 at seq. 
expansion, thermal, 66. 
heat of formation of, 95, 96. 
heats, sjH'cific, 66, 67, 96. 

Jiistury, 62. 

liquid, 72 el vcr/. (/Vee b<‘low.) 
manufacture of bye-product, 63. 

--- by synthesis, 05 at -^eq., 210 it vcy/., 
218,226. 
occurrence, 62. 
oxidation, 68, 69, 214. 
preparation, 64, 65. 
pressure, effect on synthesis, 101. 
pure, for atomic weight dettn-mination, 
51. 

refractivity, 67. 
s<dubility, 82, 

temperature variation •)! constant, 97- 

100 . 

velocity (jf flow and yield of, 103. 
viscosity, 67. 

Ammonia, liquid, 72 at seq. 

— boiling-point, 72. 

— critical constants, 75. 

— density, 73, 74. 

of vapour, 73, 74, 

— dielectric ‘constant, 76. 

— dissociation constants in, 81. 

— electrical conductivities of s>dutions 

in, 80. 


Amnittniu, liquid, heat, latent, 75. 

® specifle, 73. 

* — melting-point, 72. 

— metals dissolved in, 81, 82. 
molar weights of solutes in, 78. 

— molecular complexity of, 75. 

— pressures of saturated vapour, 74, 75. 

— n'actions in, 78. 

“ salts dissolved in, 80-82. 

— - solvent properties, 77. 

— sm-face tension, 75. 

Ammonia solutions, 82 el seq. 

— ammonium salts, acidities, 90. 

— conductivities, 89. 

— densities, 87. 

-- detection, 93. 

— dis,soeiation constants, 89-91. 

— distribution between solution and 

chloroform, 88. 

— electrolytic dissociation of, 89-91. 

— estimation of, 93. 

— lieat of dissociation and liydration, 

91. 

— • hy<lrat(“S, 87. 

— hydration in solid it>n, 92. 

— -- pro.ssures of arrmonia over, 82-86. 

-- s< lubility, 82. 

Amninnilication, 23. 

Ammoninm azide, 132. 
chi. .ride, 114, 115, 230. 
eyanatc, 220. 
dichroiiiate, 26. 
iodide, 116. 
nitrate, 27, 142, 2.30. 
nitrite, 2(). 

Am monolysis, 79. 

Aqua-regia, 118. 

Arc processes, 206. 

Arsenious oxide, 103, 167, 

Azides, 1 .34. 

Azoimido, 131 at seq. 
chemical rcaietions, 133. 
constitution, 135. 
detection, 135. 
estimation, 135. 
history, 131, 132. 
physical properties, 132, 133. 
preparati.m, 132, 133. 

Azote, 21. 

Azotebacter, 22. 

Bactbhia, 21-24. 

Barium carbide, 221. 

cyanide, 221. 

Bleaching poAvder, 27. 

39 





' , ■'i . • ■ . • 

OALOiVM^^rbid^. ^23-2^7, 
oyati&zmde, ^19, 223, 224, 230. 
Carbohydrates^ 23. 

Catalysts ih ammonia synthesis, 103, 105, 
106. 

Chlorides of nitrogen, etc. Set Nitrogen, 
etc. 

Chlorinatio;! of ammonia, 117. 

Coal, ammonia in, 63, 64. 

Conductivities. {See under each com. 
pound.) 

Covalency, 14.’ 

Dknxtrifkoation, 22, 23. 

Dicyanodiamide, 225, 226, 228, 2.30. 

Di-imide, 135. 

Elkctrolytio conductivities. {S^f under 
conductinties of each compound.) 
preparation of hydroxylamine, 108. 

Electrons in the nitrogen atom, 1,3. 

Eleotrovalenoy, 14. 

Fsrtilisbrs, 223, 226. 

Fluorides. See Nitrosyl fluoride, etc. 

Formation of nitrogen, 226 et seq. 

Formic acid, 143. 

Fuming nitric acid, 167, 178, 190. 

Fungi, 23. 

Glow of nitrogen, 43. 

Glycerol, 27. 

Group V. B, 4 et aeq. 
allotropio forms, 5. 
atomic volumes, 6. 

— weights, 4. 
atomicity. 6. 
compounos, 6. 
hydrides, 6. 
mass spectra, 4. 
physical properties, 4, 5. 

Hydrazine, 122 ei aeq. 
base, anhydrous, 124. 
bromide, 127. 
chloride, 127. 
decomposition, 124. 
derivatives, 128. 

' detection, 128. 

dissociation, electrolytic, 125-127. 
heats of formation of salts, 126. 
history, 122. 
hydrate, 124. 
hydrazates, 125. 

. oxidation, 124, 132. 
oxygen substitution products, 136. 

. physical properties, 126.. 
preparation, 122-124. 
properties of base, 124, 126, 
reducing properties, 126. 
salts, 126, ICS. 
solpbility, 126. 
solvent poperties, 126. 

Bulphonic acids, 129. 

Hydifa^oio acid, salts of, 133, 134, {See 
Azoimide.) 


HydHdes of nitrogen, summary, 135. 
Hydrocyanic acid; '222. 

Hydroxylamine, 107 et aeq. 
addition compounds, 112. 
base, preparation and properties., 108, 
109. 

chloride, 111.^ 

co-ordinatipn compounds, 112. 
detection, lie. 
electronic structure, 16, 
estimation, 111. 
heat of formation, 110, 

— of iiputralisation, 110. 
history, 107. 

nitrate, 112. 
oxidation, 109. 
phosphate, 112. 
preparation, 107, 108. 
salts, preparation, 111. 

— reactions, 109, 111. 
sulphate, 111. 
sulphonic acids, 129. 

— derivatives, 112. 

Hyponitrous acid, 138 et aeq. 

— history, 138. 

— molecular weight, 140. 

— oxidation, 140. 

— preparation, 138. 

— properties, 138. 

— structure, 141. 

Imido-sulphinic acids, 129. 
Imido-sulphonic acids, 131. 

Iodine, action on ammonia, 1 16. 

Laugh iNo gas, 148. 

Liquid ammonia, etc. See Ammonia, 
etc. 

nitrogen, 24, 38-41. 

Lunge nitrometer, 160> 202. 

Mixed bond in nitrogen compounds, 14, 15. 
Monochloraniine, 117. 

Mycoidca, B., 23. 

Nessler test, 94. 

Nitramide, 136. 

Nitrates, atmospheric, 206 et aeq* 
formation of, 127. 
metallic, 199. 
structure, 17. 

Nitric acW, boiling-point, 191. 

— chemical properties, 196, 

— concentration, 190. 

— density, 192. 

— detection, 201. 

— estimation, 201. 

— freezing-point, 190, 196, 196. 
heat of formation, 193. 

specific, 196. 

— history, 187. 

— hydrates, 190, 195. ^ 

— magnetic rotation, 194. 

— manufacture, 188> 206, 214. 

— melting-points, 196. 

— physical properties, 190 et aeq. 



241 


Nitric acid, preparatiott, 187, ef • 

• reduction, id8-'200. 

— refractivity, 194. 

— solid, 190. 

— s^cific heat, 196. 

— viscosity, 194. 

Nitric oxide, W ci aeg. 

— absorption ooefficienl, 161. 

— additive cdrn]:x)undg, 162. 

— analysis, 62. 

— - chemical properties, 149. 

-j- composition, 67, 60, 149. 

— * compressibility, 160. 

— critical constants, 153. 

— density, 67, 58, <i0, 160. 

— detection, 168, 

— : estimation, 168. 

expansion, thermal, 161 

— heat, specific, 151. 

— history, 140. 

— liquefaction, 163. 

— liquid, 168. 

— melting-point, 154. 

— molar heat, 161. 

— oxidation, 156. 

— physical projjcrties, 1.60 ei seq, 

— preparation, 60, 69, 149. 

— refractivity, 151, 154. 

— solid, 164. 

— solubility, 161. 
specific heat, 151. 

— synthesis, 169 et seq. 

— thermal equilibria, 160. 

expansion, 151. 

— viscosity, 161. 

Nitrides, 46 ei seq. 

* conditions of formatioit, 43, 46, 47, 48. 
typical formulae, 46. 

Nitrification, 23. 

Nitrites, action on sulphites, 108. {See 
under Nitrous acid. ) 

Nitro-bacter, 23. 

Nitro copixjr, 175, 

Nitrogen, 8 et aeq. 

absorption coefficient, 35. 
activation, 44. 
active, 41 e< aeq. 
assimilation by plants, 22. 
atom, 1 1 ef aeq. 
atomic weight, 49 et aeq. 
boiling-point, 39. 
compressibility, 28. 
cycle in nature, 21. 
density, 28, 39. 
fixation, 200 et aeq. 

S . Ste Group V. 

s.> See Under chloride, etc., below, 
heat, Bpecifio, 32. 
history, 21. 
liquefaction, 24. 
liquid, 24, 38^1. 

' melting-poiAt, 40. 
nlotar heedi, 34. 
molecular weighty 28. 
ocourreho©, 21. 
oxides. See Wow. 


Nitrogen, physical properties, 28 e^aeq. 
preiwiration, 24 et aeq. 
rate of solution, 36. 
refractivity, 34. 
solid, 40. 
solubility, 36-38. 
sixjcifio heat, 32. 
spectra, 34. 

stei-oo-isomerism, U, 12, 16. 
structure of atom, 13, 19. 
sulphide. See Sulphur uitrides. 
thermal conductivity, 34. 

— expansion, 32. 
valency, 10. 
viscosity, 34 
weight in the air, 24. 

Nitrogen bromide, 1 14. 
chloride, 69, 114. 
fluoride, 114. 
hexoxido, 180, 202. 
iodide, 110. 
pontoxido, 178-180. 
lx)roxide. See below, 
tetroxide. Se£. below, 
trioxido. See below. 

Nitrogen x>«rnxide, 61, 63, 164, 165, 166 
et aeq. 

— additivo comx)ovinds, 176. 

— boiling- j)oint, 173. 

— chemical proj)ertie8, 176. 

— composition, 57, 167. 

— constitution, 177. 

— critical constants, 174. 

— density, 168. 

— detection, 178. 

— dissociation, 169. 

— estimation, 178. 

— heat, 8}x^cific, 171, 172. 

— history, 166. 

— liquefaction, 167, 173. 

— liquid; 173, 177. 

— melting-point. 174. 

— molar heat, 172. 

— molecular weight, 173. 

— oxidation, 176. 

— physical ijroijerties, 168. 

— l)reparation, 167. 

— refractivity, 109. 

— solid, 174. 

— solubility, 176. 

— specific heat, 171. 

— spectrum absorption, 173. 

— thermal expansion, 173, 

Nitrogen trioxido, chemical proijerties, 165. 

— constitution, 17. 

— dissociation, 165. 

— physical properties, 164, 

— preparation, 163. 

Nitrohydroxylamine, 137. 

Nitron, 201, 202. 

Nitrosaminos, 119. 

Nitrosodiphenylamine, 160. 

Nitroso -nitrogen trioxide, 180. 

sulphonia anhydride, 180. 

— -sulphuryl chloride, 120. 

Nitrofiyl bromidei^ 120, 166. • 

16 



Biai^i^6-^y,>ti8, n^ 101 
M6e,itoi77, i78; : ; - 

Nitrptti j»fe|8; 143, il[4 ^ % 

.,--^dBl*l6tJb%/l‘fe'; ;■ '., V .'„■ 

^ Swtimatidik^l85,^m^^ 
bliWiy, / 

— premations, ite. 

NitiroUB air, 142, 440* 
fjin^, 149, 186. : 

Nitrotia pxi^, 1^2 eMe«. ' 

r^. abaoi^ibn.coPfficiont, 144. 

— 148. 

>- ppriip^tion* 67, 148. 

boiiijpr^bm^y, 144. 

;. V 146, 

dpoompoaition, 147. 

.7^ dpwaty,1;7, U4, 146. > 

detpetion, 148. 

A featimtion^ 148. 

— haaif apeciifio, 144. 
hilrtq^,. 142. 

— Uquaiai^on, 144. 

•—.liquid, 146. 

meiting-ppint, 147. 
r~ molar Jh^at, 146. 

— ^ jAyaioal properties, 142, 
physiological proixji’tiea, 142. 

— preparation, 60, 68, 142. 
"-^,iefractivityU44. 

— 8olid, I47. 

— ^lubllity, 145. 

— apecifio Beat, 144. 

-<• ayntheBis, 143. 

— thermal conductivity, 144. 



>Oxidea dl |iii^r6|^t); d>di£^ 

git»up,.:7<\^ ■ 

l^Ujfttiio acid, lo2. . 

Feroxide of nitrogen. /6?e«iNitrogen; 
Proteins, 22, 28. ’ . : 

Jtadi^culaf $., 221 \ ' ^ 

liefractlvities of adtrogon, etc.., ‘ Nit^- 
' . gen, etc. • - . 

Befrigeratora, uac of-ammcn4.m, 77.: ' 

8alt Bolutiona, solubility of amnmnia in, 
33. , -t , ':' ■ , . ' ,'■ ■■' 

— - of nitrogen, 37. ' > / 

Sodium cyanate, 219, 220. 

cyanide, 219, 221. *. 

. nitrate, 14.3, 164,466, 168, 178. ' 
Sulpbonic acids. 8te Hydroxylamino, etc, 
Sulphonitrous anhydride, 166. 

JSulphur chlorides, action on ammonia^ 203. 
Sulphur nitride, 203 et aeg. 

— constitution, 206. 

— liquid, 206. 

— preparation, 203. 

— proper|iea, ^3. 

— reactions, 203, 204. 

— solid, 203. 

Ukba, 22, 27, 184, 227, 231. 

Urease, 23. 

Uric acid, 22. 

Valency, theories, 14, 16. 








